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BICYCLIC HETEROCYCLES FOR THE TREATMENT 
OF DIABETES AND OTHER DISEASES 

RELATED APPLICATIONS 
5 This application claims priority to the U.S. Provisional Application Serial 

Number 60/362,732, filed March 08, 2002, the disclosure of which appUcation is 
hereby incorporated in its entirety by this reference. 

BACKGROUND OF THE INVENTION 

1 0 Type 2 diabetes, also referred to as non-insulin dependent diabetes mellitus 

(NIDDM), afflicts between 80 and 90% of all diabetic patients in developed countries. 
In the United States alone, approximately 15 million people, and more than 100 million 
worldwide, are affected. Because this disorder is a late onset disease and occurs often 
in overweight persons it can be expected that the number of patients suffering from this 

1 5 disease will increase further. Patients suffering from type 2 diabetes usually still 

produce insulin but become increasingly resistant to their own insulin and to insulin 
therapy. A promising new class of drugs has been recently introduced that resensitizes 
patients to their own insulin (insulin sensitizers), thereby reducing the requirement for 
exogenous insulin. Troglitazone (Resulin™) and rosiglitazone (Avandia™) are among 

20 the first representatives of a class of drugs approved for the treatment of type 2 diabetes 
in the United States and several other countries. These drugs, however, have side 
effects including rare but severe liver toxicities (i.e., troglitazone) and they can increase 
body weight in humans. Such side effects are of major concem for patients who might 
require treatment for diabetes for a decade or longer. Therefore, new and better drugs 

25 for the treatment of type 2 diabetes and related disorders are needed. 

One property of the compounds of this invention is that in many cases they can 
convert preadipocyte cells to adipocytes i.e. induce adipocyte differentiation. The 
ability of a molecule to induce differentiation of a particular cell type or cell types is 
also known to often correlate to anticancer activities. 

30 Small molecules that can be effective for the treatment of diabetes and/or 

disorders of carbohydrate metabolism were disclosed in U.S. Patent No 6,515,003, 
issued February 04, 2003, based on U.S. Patent Application No. 09/652,810, filed 
August 31, 2000, which claimed priority to U.S. Provisional Patent Application 
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60/151,670, filed August 31, 1999. Related small molecules that can be useful in the 
treatment of certain cancers were disclosed in PCX Patent Application WO 01/16122, 
published March 08, 2001, which claimed priority to the same U.S. Provisional Patent 
Application 60/151,670 cited above. The disclosures of all the above-described patent 
5 documents are hereby incorporated herein by this reference, for both their chemical 
structural disclosures, their teachings of the biological activities of those compounds, 
and methods for their use as pharmaceutical compositions. 

There is however a continuing need for new drugs for the treatment of type 2 
diabetes and associated disorders of carbohydrate and/or lipid metabolism, including 
10 hj^erlipidemia and hypercholesterolemia. In particular, new drugs that can control the 
blood sugar levels of diabetics, and simultaneously control hyperlipidemia and/or 
hypercholesteremia so as to lessen or prevent atherosclerosis would be of high value for 
the treatment of diabetes. 



treatment of type 2 diabetes and related diseases related to carbohydrate metabolism. 
Unexpectedly, it has been discovered that the drugs can simultaneously treat disorders 
related to lipid metabolism, such as hyperlipidemia and/or hypercholesterolemia, which 
can be associated with atherosclerosis. 



SUMMARY OF THE INVENTION 



15 



The present invention relates to substituted heterocycles which are useful in the 



20 




R200 



(300) 



25 



wherein: 



R200, R20i and R202 are independently selected from hydrogen, hydroxyl, 
a halogen, amino, or an organic residue comprising 1 to 12 carbon 



atoms; 
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b) Np are the number of heteroaryl ring nitrogens selected from 0, 1 or 2; 

c) L, M, N, Q and T residues are independently selected from -C(0)-, - 
C(S)-, -0-, -S-, -N(R203)-rN(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, or - 
C(R209)(R2io)- residues, and from zero to two of the L, M, N, Q or T 

5 residues can be absent; 

wherein: 

i) R200J R201, R2025 R2035 R2045 R205» R206J R207, R2085 R209J and R210 
are independently selected from hydrogen, hydroxyl, a halogen, 
amino, or an organic residue comprising 1 to 12 carbon atoms; or 

10 two of the R203, R204, R205, R206, R207, R208, R209 and R210 residues 

can be connected together to form an exocyclic substituent 
residue comprising 1 to 6 ring carbon atoms and from 0 to 3 
optional ring heteroatoms selected from O, S, or N; and 

ii) L, M, N, Q and T do not form an amide residue; 

15 d) Ario is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 

residue comprising from 3 to 6 ring carbon atoms and from 0 to 3 
optional ring heteroatoms selected from O, S, or N; 
e) R211 is hydrogen, hydroxy, or an organic residue comprising 1 to 10 
carbon atoms; 

20 f) is either present or absent; 

g) W, X, Y and Z are independently or together -C(0)-, -C(S)-, -S-, -O- or 
-NH-, to form a 2,4-thiazolidinedione, 2-thioxo-thiazolidine-4-one, 2,4- 
imidazolidinedione or 2-thioxo-imidazolidine-4-one residue; or 
a pharmaceutically acceptable salt thereof. 
25 In related embodiments, the invention relates to a second genus of compounds 

having the structure 



^HAr 




R201 irJ^P 
R200 



wherein: 

a) p is 0, 1 or 2; 
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b) L, M, N, Q and T residues are independently selected from, -S-, 

-S(0)-, -S(0)2-, -N(R203)-,-N(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, Or - 

C(R209)(R2io)- residues, with the proviso that one or two of the L, M, N, 
Q or T radicals can be absent; 
5 c) R200, R20U R2023 R2035 R2045 R205, R2065 R207J R208J R209j aiid R210 are 

independently selected from hydrogen, hydroxyl, a halogen, amino, or 
an organic radical; 

d) Ario is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 
radical; 

10 e) the bicyclic radical 





R200 

comprises from 6 to 20 carbon atoms; 

f) R211 is hydrogen, hydroxy, or an organic radical; 

g) is either present or absent; and 

15 h) HAr has the structure 

or a pharmaceutically acceptable salt thereof 

In another aspect, this invention relates to the use of the compounds of the 
inventions disclosed above for modulating lipid metabolism, carbohydrate metabolism, 

20 or lipid and carbohydrate metabolism. The compounds are also useftil for treating 
diseases of uncontrolled cellular proliferation such as cancer; and the treatment of 
inflammatory diseases. 

This invention also relates to a method for the treatment of type 2 diabetes and 
related diseases, by modulating lipid metabolism, carbohydrate metabolism, or lipid 

25 and carbohydrate metabolism. The methods comprise administering to a mammal, 
preferably a human, diagnosed as needing such treatment or modulation, one or more 
of the compovinds of the invention or a pharmaceutical composition thereof. The 
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invention also provides for a method of treatment of a disease of uncontrolled cellular 
proliferation comprising administering to a mammal diagnosed as having a disease of 
xincontroUed cellular proliferation and a method of treating an inflammatory disease 
comprising administering one or more of the compounds of the invention to a mammal 
5 diagnosed as having an inflammatory disease such as atherosclerosis. 

In another aspect, this invention relates to a pharmaceutical composition 
comprising one or more compoimds disclosed herein in admixture with one or more 
pharmaceutically acceptable excipients. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Figure 1 shows the activity of the compounds of the invention for inducing the 

differentiation of 3T3-L1 preadipocytes into adipocytes. 

Figure 2 shows the serum glucose lowering activity of the compounds of the 
present invention in the KKA^ Mouse Model. 

Figure 3 shows the serum triglyceride lowering activity of the compounds of the 
1 5 present invention in the KKA^ Mouse Model. 

Figure 4 shows examples of methods for synthesizing certain synthetic 
precursors of the dihydrobenzofuran compoiinds disclosed herein. 

Figure 5 shows examples of methods for synthesizing certain synthetic 
precursors of the dihydrobenzothiofuran compounds disclosed herein, 
20 Figure 6 shows examples of methods for synthesizing certain synthetic 

precursors of the dihydrobenzopyrrole compounds disclosed herein. 

Figure 7 shows examples of methods for introducing various types of R200 
substituents into synthetic precursors used to synthesize the compoimds disclosed 
herein. 

25 Figure 8 shows examples of methods for coupling various synthetic precursors 

so as to synthesize the final product heterocycles disclosed herein. 

DETAILED DESCRIPTION 
The present invention can be understood more readily by reference to the 
following detailed description of various embodiments of the invention and the 
30 Examples included therein and to the Figures and their previous and following 
description. Before the present compounds, compositions, and/or methods are 
disclosed and described, it is to be understood that this invention is not limited to 
specific synthetic methods, specific pharmaceutical carriers or formulations, or to 
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particular modes of administering the compounds of the invention, as such can, of 
course, vary. It is also to be understood that the terminology used herein is for the 
purpose of describing particular embodiments only and is not intended to be limiting. 
DEFINITIONS 

5 In the specification and Formulae described herein the following terms are 

hereby defined. 

"Optional" or "optionally" means that the subsequently described event or 
circumstance may or may not occur, and that the description includes instances where 
said event or circumstance occurs and instances where it does not. For example, the 
10 phrase "optionally substituted lower alkyl" means that the lower alkyl group may or 
may not be substituted and that the description includes both vmsubstituted lower alkyl 
and lower alkyls where there is substitution. 

It must be noted that, as used in the specification and the appended claims, the singular 
forms "a," "an" and "the" include plural referents ixnless the context clearly dictates 

15 otherwise. Thus, for example, reference to "an aromatic compound" includes mixtures 
of aromatic compounds. 

Often, ranges are expressed herein as from "about" one particular value, and/or 
to "about" another particular value. When such a range is expressed, another 
embodiment includes from the one particular value and/or to the other particular value. 

20 Similarly, when values are expressed as approximations, by use of the antecedent 

"about," it will be understood that the particular value forms another embodiment. It 
will be further understood that the endpoints of each of the ranges are significant both 
in relation to the other endpoint, and independently of the other endpoint. 

By "pharmaceutically acceptable" is meant a material that is not biologically or 

25 otherwise undesirable, i.e., the material can be administered to an individual along with 
the relevant active compoxmd without causing clinically unacceptable biological effects 
or interacting in a deleterioixs manner with any of the other components of the 
pharmaceutical composition in which it is contained. 

By the term "effective amoimt" of a compound as provided herein is meant a 

30 sufficient amoimt of the compound to provide the desired regulation of a desired 

function, such as gene expression, protein function, or a disease condition. As will be 
pointed out below, the exact amount required will vary from subject to subject, 
depending on the species, age, and general condition of the subject, the severity of the 
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disease that is being treated, the particular compound used, its mode of administration, 
and the Uke. Thus, it is not possible to specify an exact "effective amount." However, 
an appropriate effective amount can be determined by one of ordinary skill in the art 
using only routine experimentation. 
5 The term "alkyl" denotes a hydrocarbon group or residue which is structurally 

similar to a non-cyclic alkane compound modified by the removal of one hydrogen 
from the non-cyclic alkane and the substitution therefore of a non-hydrogen group or 
residue. Alkyls comprise a noncyclic, saturated, straight or branched chain 
hydrocarbon residue having from 1 to 12 carbons, or 1 to 8 carbons, or 1 to 6 carbons. 
10 Examples of such alkyi radicals include methyl, ethyl, n-propyl, /50-propyl, n-butyl, 
5ec-butyl, ^-butyl, amyl, r-amyl, n-pentyl and the like. Lower alkyls comprise a 
noncycHc, saturated, straight or branched chain hydrocarbon residue having from 1 to 4 
carbon atoms. 

The term "substituted alkyl" denotes an alkyl radical analogous to the above 

1 5 definition that is fiirther substituted with one, two, or more additional organic or 

inorganic substituent groups. Suitable substituent groups include but are not limited to 
hydroxyl, cycloalkyl, amino, mono-substituted amino, di-substituted amino, acyloxy, 
nitro, cyano, carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 
dialkylcarboxamide, substituted dialkylcarboxamide, alkylsulfonyl, alkylsulfinyl, 

20 thioalkyl, thiohaloalkyl, alkoxy, substituted alkoxy, haloalkoxy, heteroaryl, substituted 
heteroaryl, aryl or substituted aryl. When more than one substituent group is present 
then they can be the same or different. The organic substituent groups can comprise 
from 1 to 12 carbon atoms, or from 1 to 6 carbon atoms, or from 1 to 4 carbon atoms. 
The term "substituted alkyl" denotes a radical containing 1 to 12 carbons of the above 

25 definitions that are substituted with one or more groups, but preferably one, two or 
three groups, selected from hydroxyl, cycloalkyl, amino, mono-substituted amino, di- 
substituted amino, acyloxy, nitro, cyano, carboxy, carboalkoxy, alkylcarboxamide, 
substituted alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, 
alkylsulfonyl, alkylsulfinyl, thioalkyl, thiohaloalkyl, alkoxy, substituted alkoxy or 

30 haloalkoxy. When more than one group is present then they can be the same or 
different. 

The term "hydroxyalkyl" denotes an alkyl radical substituted with one or more 
hydroxy radicals. Lower hydroxyalkyl radicals comprise from 1 to 4 carbon atoms. 
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Examples of hydroxyalkyl groups include hydroxymethyl radicals (-CH2OH), 1- 
hydroxyethyl (-CH(OH)CH3), 2-hydroxyethyl radicals (-CH2CH2OH), and like higher 
homologs. 

The term "alkoxyalkyl" denotes an alkyl radical substituted with an alkoxy or a 
5 hydroxyalkyl radical. Lower alkoxyalkyl groups comprise from 1 to 6 carbon atoms. 
Examples of alkoxyalkyl groups include alkoxymethyl radicals (-CH2-O-R, where R is 
an alkyl radical), alkoxy-ethyl radicals (-CH2CH2-O-R, wherein R is an alkyl radical). 

The term "alkenyl" denotes an alkyl residue as defined above that comprises at 
least one carbon-carbon double bond. Examples include but are not limited to vinyl, 

10 allyl, 2-butenyl, 3-butenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 2-hexenyl, 3-hexenyl, 4- 
hexenyl, 5-hexanyl, 2-heptenyl, 3-heptenyl, 4-heptenyl, 5-heptenyl, 6-heptenyl and the 
like. The term "alkenyP' includes dienes and trienes of straight and branch chains. 

The term "substituted alkenyP' denotes an alkenyl residue as defined above 
definitions that is substituted with one or more groups, but preferably one, two or three 

15 groups, selected from halogen, hydroxyl, cycloalkyl, amino, mono-substituted amino, 
di-substituted amino, acyloxy, nitro, cyano, carboxy, carboalkoxy, alkylcarboxamide, 
substituted alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, 
alkylsulfonyl, alkylsulfinyl, thioalkyl, thiohaloalkyl, alkoxy, substituted alkoxy or 
haloalkoxy. When more than one group is present then they can be the same or 

20 different. The organic substituent groups can comprise from 1 to 12 carbon atoms, or 
from 1 to 6 carbon atoms, or from 1 to 4 carbon atoms. 

The term "alkynyl" denotes a residue as defined above that comprises at least 
one carbon-carbon double bond. Examples include but are not limited ethynyl, 1- 
propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 3- 

25 pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl, 5-hexynyl and the 
like. The term "alkynyl" includes di- and tri-ynes. 

The term "substituted alkynyl" denotes an alkylnyl residue of the above 
definition that is substituted with one or more groups, but preferably one or two groups, 
selected from halogen, hydroxyl, cycloalkyl, amino, mono-substituted amino, di- 

30 substituted amino, acyloxy, nitro, cyano, carboxy, carboalkoxy, alkylcarboxamide, 
substituted alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, 
alkylsulfonyl, alkylsulfinyl, thioalkyl, thiohaloalkyl, alkoxy, substituted alkoxy or 
haloalkoxy. When more than one group is present then they can be the same or 
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different. The organic substituent groups can comprise from 1 to 12 carbon atoms, or 
from 1 to 6 carbon atoms, or from 1 to 4 carbon atoms. 

The term "cycloalkyl" denotes a hydrocarbon group or residue which is 
structurally similar to a cyclic alkane compoimd modified by the removal of one 
5 hydrogen from the cyclic alkane and substitution therefore of a non-hydrogen group or 
residue. Cycloalkyl groups, or residues radical contain 3 to 18 carbons, or preferably 4 
to 12 carbons, or 5 to 8 carbons. Examples include as cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, decahydronapthyl, adamantyl, and like residues. 
The term "cycloalkyl" denotes a radical containing 3 to 8 carbons, such as cyclopropyl, 

1 0 cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the like. The term 
"substituted cycloalkyl" denotes a cycloalkyl as defined above that is fiirther 
substituted with one or more groups selected from halogen, alkyl, hydroxyl, alkoxy, 
substituted alkoxy, carboxy, carboalkoxy, alkylcarboxamide, substituted 
alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, amino, mono- 

15 substituted amino or di-substituted amino. When the cycloalkyl is substituted with 
more than one group, they can be the same or different. 

The term "substituted cycloalkyl" denotes a cycloalkyl residue as defined above 
that is fiirther substituted with one, two, or more additional organic or inorganic groups 
that can include but are not limited to halogen, alkyl, substituted alkyl, hydroxyl, 

20 alkoxy, substituted alkoxy, carboxy, carboalkoxy, alkylcarboxamide, substituted 

alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, amino, mono- 
substituted amino or di-substituted amino. When the cycloalkyl is substituted with 
more than one substituent group, they can be the same or different. The organic 
substituent groups can comprise from 1 to 12 carbon atoms, or from 1 to 6 carbon 

25 atoms, or from 1 to 4 carbon atoms. 

The term "cycloalkenyl" denotes a cycloalkyl radical as defined above that 
comprises at least one carbon-carbon double bond. Examples include but are not 
limited to cyclopropenyl, 1-cyclobutenyl, 2-cyclobutenyl, 1-cyclopentenyl, 2- 
cyclopentenyl, 3-cyclopentenyl, 1 -cyclohexyl, 2-cyclohexyl, 3 -cyclohexyl and the like. 

30 The term "substituted cycloalkenyl" denotes a cycloalkyl as defined above fiirther 
substituted with one or more groups selected from halogen, alkyl, hydroxyl, alkoxy, 
substituted alkoxy, haloalkoxy, carboxy, carboalkoxy, alkylcarboxamide, substituted 
alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, amino, mono- 
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substituted amino or di-substituted amino. When the cycloalkenyl is substituted with 
more than one group, they can be the same or different. The organic substituent groups 
can comprise from 1 to 12 carbon atoms, or from 1 to 6 carbon atoms, or from 1 to 4 
carbon atoms. 

5 The term "alkoxy" as used herein denotes an alkyl residue, defined above, 

attached directly to a oxygen to form an ether residue. Examples include methoxy, 
ethoxy, n-propoxy, /50-propoxy, n-butoxy, ^-butoxy, iso-hntoxy and the like. 

The term "substituted alkoxy" denotes an alkoxy residue of the above definition 
that is substituted with one or more substituent groups, but preferably one or two 

10 groups, which include but are not limited to hydro xyl, cycloalkyl, amino, mono- 
substituted amino, di-substituted amino, acyloxy, nitro, cyano, carboxy, carboalkoxy, 
alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide, substituted 
dialkylcarboxamide, alkylsulfonyl, alkylsulfinyl, thioalkyl, thiohaloalkyl, alkoxy, 
substituted alkoxy or haloalkoxy. When more than one group is present then they can 

15 be the same or different- The organic substituent groups can comprise from 1 to 12 
carbon atoms, or from 1 to 6 carbon atoms, or from 1 to 4 carbon atoms. 

The term "mono-substituted amino" denotes an amino substituted with one 
organic substituent groups, which include but are not limited to alkyl, substituted alkyl 
or arylalkyl wherein the terms have the same definitions found hereinabove. 

20 The term "di-substituted amino" denotes an amino residue substituted with two 

radicals that can be same or different selected from aryl, substituted aryl, alkyl, 
substituted alkyl or arylalkyl wherein the terms have the same definitions found 
throughout. Some examples include dimethylamino, methylethylamino, diethylamino 
and the like. 

25 The term "haloalkyl" denotes a alkyl residue as defined above, substituted with 

one or more halogens, preferably fluorine, such as a trifluoromethyl, pentafluoroethyl 
and the like. 

The term 'lialoalkoxy" denotes a haloalkyl residue as defined above, that is 
directly attached to an oxygen to form trifluoromethoxy, pentafluoroethoxy and the 
30 like. 

The term "acyl" denotes a R-C(O)- residue containing 1 to 8 carbons. 
Examples include but are not limited to formyl, acetyl, propionyl, butanoyl, iso- 
butanoyl, pentanoyl, hexanoyl, heptanoyl, benzoyl and the like. 

10 
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The term "acyloxy" denotes a an acyl radical as defined above directly attached 
to an oxygen to form an R-C(0)0- residue. Examples include but are not limited to 
acetyloxy, propionyloxy, butanoyloxy, /^o-butanoyloxy, benzoyloxy and the like. 

The term "aryl" denotes an ring radical containing 6 to 18 carbons, or preferably 
5 6 to 12 carbons, having at least one six-membered aromatic "benzene" residue therein. 
Examples of such aryl radicals include phenyl and naphthyl. The term "substituted 
aryl" denotes an aryl ring radical as defined above that is substituted with one or more, 
or preferably 1 , 2, or 3 organic or inorganic substituent groups, which include but are 
not limited to a halogen, alkyl, substituted alkyl, hydroxyl, cycloalkyl, amino, mono- 
10 substituted amino, di-substituted amino, acyloxy, nitro, cyano, carboxy, carboalkoxy, 
alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide, substituted 
dialkylcarboxamide, alkylsulfonyl, alkylsulfinyl, thioalkyl, thiohaloalkyl, alkoxy, 
substituted alkoxy or haloalkoxy, aryl, substituted aryl, heteroaryl, heterocyclic ring, 
substituted heterocyclic ring wherein the terms are defined herein. The organic 
15 substituent groups can comprise firom 1 to 12 carbon atoms, or from 1 to 6 carbon 
atoms, or from 1 to 4 carbon atoms. 

The term "heteroaryl" denotes an aryl ring radical as defined above, wherein at 
least one of the carbons, or preferably 1, 2, or 3 carbons of the aryl aromatic ring has 
been replaced with a heteroatom, which include but are not limited to nitrogen, oxygen, 
20 and sulfur atoms. Examples of heteroaryl residues include pyridyl, bipyridyl, furanyl, 
and thiofuranyl residues. Substituted "heteroaryl" residues can have one or more 
organic or inorganic substituent groups, or preferably 1 , 2, or 3 such groups, as referred 
to herein-above for aryl groups, bound to the carbon atoms of the heteroaromatic rings. 
The organic substituent groups can comprise from 1 to 12 carbon atoms, or from 1 to 6 
25 carbon atoms, or from 1 to 4 carbon atoms. 

The term "halo" or "halogen" refers to a fluoro, chloro, bromo or iodo group. 
The term "thioalkyl" denotes a sulfide radical containing 1 to 8 carbons, linear 
or branched. Examples include methylsulfide, ethyl sulfide, isopropylsulfide and the 
like. 

30 The term "thiohaloalkyl" denotes a thioalkyl radical substituted with one or 

more halogens. Examples include trifluoromethylthio, 1,1-difluoroethylthio, 2,2,2- 
trifluoroethylthio and the like. 
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The term "carboalkoxy" refers to an alkyl ester of a carboxylic acid, wherein 
alkyl has the same definition as found above. Examples include carbomethoxy, 
carboethoxy, carboisopropoxy and the like. 

The term "alkylcarboxamide" denotes a single alkyl group attached to the amine 
5 of an amide, wherein alkyl has the same definition as found above. Examples include 
AT-methylcarboxamide, iV-ethylcarboxamide, JV-(/5o-propyl)carboxamide and the like. 
The term "substituted alkylcarboxamide" denotes a single "substituted alkyl" group, as 
defined above, attached to the amine of an amide. 

The term "dialkylcarboxamide" denotes two alkyl or arylalkyl groups that are 

10 the same or different attached to the amine of an amide, wherein alkyl has the same 
definition as found above. Examples of a dialkylcarboxamide include NJ^- 
dimethylcarboxamide, A^-methyl-A^-ethylcarboxamide and the like. The term 
"substituted dialkylcarboxamide" denotes two alkyl groups attached to the amine of an 
amide, where one or both groups is a "substituted alkyl", as defined above. It is 

1 5 understood that these groups can be the same or different. Examples include NyN- 
dibenzylcarboxamide, iV-benzyl-iV-methylcarboxamide and the like. 

The term "arylalkyl" defines an alkylene, such as -CH2- for example, which is 
substituted with an aryl group that can be substituted or unsubstituted as defined above. 
Examples of an "arylalkyl" include benzyl, phenethylene and the like. 

20 The term "organic residue" defines a carbon containing residue, i.e. a residue 

comprising at least one carbon atom, and includes but is not limited to the carbon- 
containing groups, residues, or radicals defined hereinabove. Organic residues can 
contain various heteroatoms, or be bonded to another molecule through a heteroatom, 
including oxygen, nitrogen, sulfur, phosphorus, or the like. Examples of organic 

25 residues include but are not limited alkyl or substituted alkyls, alkoxy or substituted 
alkoxy, mono or di-substituted amino, amide groups, etch. Organic resides can 
preferably comprise 1 to 18 carbon atoms, 1 to 15, carbon atoms, 1 to 12 carbon atoms, 
1 to 8 carbon atoms, or 1 to 4 carbon atoms. 

The term "amide" as defined hereby and used in the instant specification refers 

30 to a functional group or residue that contains a carbonyl (CO) group bound to a 
nitrogen atom, i.e. a residue having the formula: 
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C 




A residue of a chemical species, as used in the specification and concluding 
claims, refers to the a structural fragment, or a moiety that is the resulting product of 
the chemical species in a particular reaction scheme or subsequent formulation or 
5 chemical product, regardless of whether the structural fragment or moiety is actually 
obtained from the chemical species. Thus, an ethylene glycol residue in a polyester 
refers to one or more -OCH2CH2O- repeat units in the polyester, regardless of whether 
ethylene glycol is used to prepare the polyester. Similarly, a 2,4-thiazolidinedione 
residue in a chemical compound refers to one or more -2,4-thia2olidinedione moieties 
10 of the compound, regardless of whether the residue was obtained by reacting 2,4- 
thiazolidinedione to obtain the compound. 

A very close synonym of the term "residue" is the term "radical," which as used 
in the specification and concluding claims, refers to a fragment, group, or substructure 
of a molecule described herein, regardless of how the molecule is prepared. For 
15 example, a 2,4-thiazolidinedione radical in a particular compound has the structure 



substituted alkyl) by having bonded thereto one or more "substituent radicals." The 
20 number of atoms in a given radical is not critical to the present invention unless it is 
indicated to the contrary elsewhere herein. 

"Inorganic radicals," as the term is defined and used herein contain no carbon 
atoms and therefore comprise only atoms other than carbon. Inorganic radicals 
comprise bonded combinations of atoms selected from hydrogen, nitrogen, oxygen, 
25 silicon, phosphorus, sulfur, selenium, and halogens such as fluorine, chlorine, bromine, 
and iodine, which can be present individually or bonded together in their chemically 
stable combinations. Inorganic radicals have 10 or fewer, or preferably one to six or 
one to four inorganic atoms as listed above bonded together. Examples of inorganic 




regardless of whether thiazolidinedione is used to prepare the compoxmd. In some 
embodiments the radical (for example an alkyl) can be fiirther modified (i.e., 
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radicals include, but not limited to, amino, hydroxy, halogens, nitro, thiol, sulfate, 
phosphate, and like commonly known inorganic radicals. The inorganic radicals do not 
have bonded therein the metallic elements of the periodic table (such as the alkali 
metals, alkaline earth metals, transition metals, lanthanide metals, or actinide metals), 
5 although such metal ions can sometimes serve as a pharmaceutically acceptable cation 
for anionic inorganic radicals such as a sulfate, phosphate, or like anionic inorganic 
radical. Inorganic radicals do not comprise metalloids elements such as boron, 
aluminum, gallium, germanium, arsenic, tin, lead, or tellurium, or the noble gas 
elements, unless otherwise specifically indicated elsewhere herein. 

10 "Organic radicals" as the term is defined and used herein contain one or more 

carbon atoms. An organic radical can have, for example, 1-26 carbon atoms, 1-18 
carbon atoms, 1-12 carbon atoms, 1-6 carbon atoms, or 1-4 carbon atoms. Organic 
radicals often have hydrogen bound to at least some of the carbon atoms of the organic 
radical. One example, of an organic radical that comprises no inorganic atoms is a 5, 6, 

15 7, 8-tetrahydro-2-naphthyl radical. In some embodiments, an organic radical can 
contain 1-10 inorganic heteroatoms bound thereto or therein, including halogens, 
oxygen, sulfiir, nitrogen, phosphorus, and the like. Examples of organic radicals 
include but are not limited to an alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, mono-substituted amino, di-substituted amino, acyloxy, cyano, carboxy, 

20 carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide, 
substituted dialkylcarboxamide, alkylsulfonyl, alkylsulfmyl, thioalkyl, thiohaloalkyl, 
alkoxy, substituted alkoxy, haloalkyl, haloalkoxy, aryl, substituted aryl, heteroaryl, 
heterocyclic, or substituted heterocyclic radicals, wherein the terms are defined 
elsewhere herein. A few non-limiting examples of organic radicals that include 

25 heteroatoms include alkoxy radicals, trifluoromethoxy radicals, acetoxy radicals, 
dimethylamino radicals and the like. 

It must be noted that, as used in the specification and the appended claims, the 
singular forms "a," "an" and "the" include plural referents unless the context clearly 
dictates otherwise. Thus, for example, reference to "an aromatic compound" includes 

30 mixtures of aromatic compounds. 
Compounds of the Invention 

Some embodiments of the invention relate to a first genus of bicyclic 
compounds of Formula (300): 
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R2II 

(300) 

wherein: 

a) R200, R201 and R202 are independently selected from hydrogen, hydroxyl, 
a halogen, amino, or an organic residue comprising 1 to 12 carbon 

5 atoms; 

b) Np are the number of heteroaryl ring nitrogens selected from 0, 1 or 2; 

c) L, M, N, Q and T residues are independently selected from -C(0)-, - 
C(S)-, -O-, -S-, -N(R203)-,-N(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, or - 
C(R209)(R2io)- residues, and from zero to two of the L, M, N, Q or T 

1 0 residues can be absent; 

wherein: 

i) R203, R204, R205, R206, R207, R208, R209, and R210 are independently 
selected from hydrogen, hydroxyl, a halogen, amino, or an 
organic residue comprising 1 to 12 carbon atoms; or two of the 

15 R203, R204, R205, R206, R207, R208, R209 and R210 residues can be 

connected together to form an exocyclic substituent residue 
comprising 1 to 6 ring carbon atoms and from 0 to 3 optional 
ring heteroatoms selected from O, S, or N; and 

ii) L, M, N, Q and T do not form an amide residue; 

20 d) Ario is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 

residue comprising from 3 to 6 ring carbon atoms and from 0 to 3 
optional ring heteroatoms selected from O, S, or N; 
e) R211 is hydrogen, hydroxy, or an organic residue comprising 1 to 10 
carbon atoms; 

25 f) is either present or absent; 

g) W, X, Y and Z are independently or together -C(0)-, -C(S)-, -S-, -O- or 
-NH-, to form a 2,4-thiazolidinedione, 2-thioxo-thiazolidine-4-one, 2,4- 
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imidazolidinedione or 2-thioxo-mudazolidine-4-one residue; 



10 



15 



s 




Y 

O 



P 
NH 



1 

S. 



2,4-thiazolidinedione 

P 
NH 



HN 




V 

s 

2-thioxo-thiazolidine-4-one 



Y 

o 



HK N 



Y 

s 



p 

NH 



254-iinidazolidinedione 2-thioxo-imidazolidine-4-one 



or 



a pharmaceutically acceptable salt thereof. 

The genus of compounds described above shall be termed herein the "first" 
genus of bicyclic compounds. 

In a related but alternative embodiment, the invention relates to another 
"second" genus of bicyclic compounds having the structure 



HAr 




R201 
R202' 



R200 



wherein: 
a) 
b) 



c) 



20 



p is O5 1 or 2; 

L, M, N, Q and T residues are independently selected from, -0-, -S-, 

-S(0)-, -S(0)2-, -N(R203)-,-N(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, Or ■ 

C(R209)(R2io)- radicals, with the proviso that one or two of the L, M, N, 
Q or T radicals can be absent; 

R2005 R201, R202, R203J R204, R2055 R206J R207, R208J R209, and R210 are 
independently selected from hydrogen, hydroxyl, a halogen, amino, or 
an organic radical comprising 1 to 12 carbon atoms; 
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d) Ario is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 
radical comprising 2 to 18 carbon atoms; 

e) the radical 




R200 

comprises from 6 to 20 carbon atoms; 

f) R2n is hydrogen, hydroxy, or an organic residue comprising 1 to 10 
carbon atoms; 

g) is either present or absent; and 

h) HAr has the structure 

P o o 9\ 




I or <==<^ I or S==\ / ^^^^ 1 



10 h' ° H = 

or a pharmaceutically acceptable salt thereof. 

The two genuses of compounds disclosed immediately above share a number of 
common features, but differ in some aspects. The description of further and more 
detailed embodiments to follow below is intended to be applicable, to the extent 

1 5 possible and reasonable, to both the "first" and "second" genuses of compounds 

described above. Some differences between the first and second genuses will be noted. 

In the embodiments relating to the first genus of compounds, the W, X, Y and Z 
radicals, together with a carbon atom, form one of four separate five membered 
heterocycles, selected from a 2,4-thiazolidinedione, 2-thioxo-thiazolidine-4-one, 2,4- 

20 imidazolidinedione or 2-thioxo-imidazolidine-4-one residue or radical, the structures of 
which are shown in the drawings below: 




" T 
O S 

2,4-thiazolidinedione 2-thioxo-thiazolidine-4-one 
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HN NH HN NH 

T Y 
O S 

2,4-imidazolidinedione 2-thioxo-imidazolidine-4-one 
For pxirposes of ease of reference and brevity, the 254-thiazolidinedione, 2- 
thioxo-thiazolidine-4-one, 2,4-imidazolidinedione or 2-thioxo-imidazolidine-4-one 
heterocyclic residues can be generically termed "HAr" heterocycUc residues or 
5 radicals. The second genus of compounds above employs the "HAr" terminology, but 
intends the same set of four heterocyclic residues or radicals, namely 2,4- 
thiazolidinedione, 2-thioxo-thiazolidine-4-one, 2,4-imidazolidinedione or 2-thioxo- 
imidazolidine-4-one radicals or residues. 

The compovmds of the invention, including both the first and second genuses, 
10 comprise at least one "bicyclic" residue or radical of the following formula: 




R202 

R200 

In the first genus of compounds, the L, M, N, Q and T radicals or residues are 
independently selected from -C(0)-, -C(S)-, -0-, -S-, -N(R203)-,-N(R204)-, - 
C(R205)(R206)-, -C(R207)(R208)-, or -C(R209)(R2io)- rcsiducs, with the proviso that L, M, 
15 N, Q and T do not form an amide residue. In the second genus of compounds, the L, 
M, N, Q and T radicals or residues are independently selected from -0-, -S-, -S(0)-, - 
S(0)2-, -N(R203)-rN(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, or -C(R209)(R2io)- radicals. 
It should be noted that the ring comprising the L, M, N, Q and T radicals or residues is 
not an aromatic ring. 

20 It should be understood that, with respect to the descriptions, formulas and 

drawings above, the "N" in the "LMNQT" ring can represent a nitrogen atom or one of 
the two listed -N(R203)-5 or -N(R204)- radicals, but the N could also represent any of the 
listed residues. 
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In both genuses of compounds, the R200, R20h R202, R203J R204, R2055 R2065 R207J 
R208» R209, and R210 residues or radicals can be independently selected from residues or 
radicals that can include but are not limited to hydrogen, hydroxyl, a halogen, amino, or 
an organic residue. Examples of suitable organic residues or radicals include but are not 
5 be limited to an alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, acyloxy, mono-substituted amino, di-substituted amino, 
alkylsulfonamide, substituted alkylsulfonamide, arylsulfonamide, 
heteroarylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, substituted acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, substituted alkylthiocarbamate, 

10 arylthiocarbamate, heteroaryl, substituted heteroaryl, alkoxy, substituted alkoxy, 
haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide or 
substituted dialkylcarboxamide residue. In certain embodiments, the organic residues 
or radicals comprise from 1 to 12 carbon atoms, or 1 to 8 carbon atoms, or 1 to 6 

15 carbon atoms, or 1 to 4 carbon atoms. 

It is also to be understood that one or two of the L, M, N, Q or T residues can be 
absent. For example, the bicyclic residues can comprise a "LMNQT" ring that has 
from five to seven atoms in the non-aromatic ring. Examples of such bicyclic residues 
include: 




20 ^200 ' R200 

Although not wishing to be bound by theory, the compounds of the invention, 
including the bicyclic radical and its various substituents are selected so as to have a 
geometry, size, and polarity that is suitable to allow the compounds of the invention to 
interact with and substantially fill, yet fit within, the binding regions of the target 

25 biological molecules, so as to contribute to the effective binding of the compounds to 
the binding sites in the biological target molecules. Therefore, in some embodiments, 
the bicyclic radical or residue, together with the L, M, N, Q and T and all the associated 
R200, R201, R202, R2035 R204, R205, R206, R2075 R208, R209, and R210 substituent radicals a 
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comprise from 6 to 20 carbon atoms, or from 7 to 18 carbon atoms, or from 8 to 16 
carbon atoms, or from 9 to 14 carbon atoms. 

In certain embodiments, the bicyclic residues comprise at least one ring 
heteroatom or heteroatomic group, which can be present at any one of the L, M, N, Q, 
or T positions. For example, L, M, N, Q and T together with a substituted or 
unsubstituted aryl can form a bicyclic ring residue or radical with one heteroatom or 
heteroatomic group having the Formulas (305a-f): 

7 — N 

R207- 





R200 
(305d) 



R200 




R200 
(305f) 



(305e) 

10 In other embodiments, L, M, N, Q and T together with a substituted or 

unsubstituted aryl can form a bicyclic ring residue or radical with two heteroatoms or 
heteroatomic groups, as exemplified by the radicals having the Formulas (305g-k): 

R206^R205 

.^.'R203 



R2O6 R205 
^207 \/ 



^208 





_ R206^R205 
r<207 V/ 



R208"^^|^O 



^204 




R2OO 

(305i) 
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In some embodiments of the bicyclic residues or radicals, nitrogen is present in 
the aryl ring of the bicyclic residue, i.e. p=l, so that M, N, Q and T together with a 
substituted or unsubstituted heteroaryl form a bicyclic pyridine residue or radical. 



5 Examples of such bicyclic pyridine radicals include but are not limited to Formulas 
(3051-m): 



Alternatively, the heteroaryl ring can comprise heteroaromatic residues having 
two nitrogen atoms, i.e. p=2. An example of such a bicyclic "pyrimidene" residue or 
10 radical is shown below. 



The R200, R20b R202, R203, R204, R205, R206, R207, R208, R209, and R210 substituents 
for the bicyclic residues or radicals of the invention can be independently selected from 
inorganic or organic residues or radicals, Suitable substituents include but are not 
15 limited to hydrogen, an alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, alkylsulfonamide, substituted 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea. 




R205 



R205 



(3051) 



(305m) 
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arylurea, acyl, substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, 
substituted alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, 
alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 
thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 
dialkylcarboxamide or substituted dialkylcarboxamide. 

Some embodiments of the invention relate to compounds wherein M, N, Q 
and T together form a partially reduced benzopyran ring of Formula (306): 



R200 is hydrogen, alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, alkylsulfonamide, substituted 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea, 
arylxirea, acyl, substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, 
substituted alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, 
alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 
thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 
dialkylcarboxamide or substituted dialkylcarboxamide; 

R201 and R202 are hydrogen or halogen; and 

R207 and R208 are independently or together alkyl or substituted alkyl. 
Some embodiments of the invention relate to where L, M, N, Q and T together 
form a partially reduced benzothiofuran ring of Formula (307): 



R208 




(306) 



wherein: 



^207-" 
R2O8 




(307) 



wherein: 
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R200 is hydrogen, alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, alkylsulfonamide, substituted 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, alkylxirea, alkylthiourea, 
arylurea, acyl, substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, 
substituted alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, 
alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 
thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 
dialkylcarboxamide or substituted dialkylcarboxamide; 

R201 and R202 aJ"e hydrogen or halogen; and 

R207 and R208 are independently or together alkyl or substituted alkyl. 
Some embodiments of the invention relate to where L, M, N, Q and T together 
form a partially reduced benzopyrrole ring of Formula (308): 



R200 is hydrogen, alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, alkylsulfonamide, substituted 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea, 
arylurea, acyl, substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, 
substituted alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, 
alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 
thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 
dialkylcarboxamide or substituted dialkylcarboxamide; 

R201 and R202 are hydrogen or halogen; and 

R203> R207 and R208 are independently or together hydrogen, alkyl or substituted 

alkyl. 




(308) 



wherein: 
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In many embodiments of the compounds of the invention, R200 is not hydrogen. 
In some embodiments, R200 is selected from an alkyl, substituted alkyl, haloalkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, halogen, cyano, nitro, 
hydroxyl, acyloxy, amino, mono-substituted amino, di-substituted amino, 
5 alkylsulfonamide, substituted alkylsulfonamide, arylsulfonamide, 

heteroarylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, substituted acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, substituted alkylthiocarbamate, 
arylthiocarbamate, heteroaryl, substituted heteroaryl, alkoxy, substituted alkoxy, 
haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 

10 carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide or 
substituted dialkylcarboxamide. 

In some embodiments, the R200 residue or radical is selected from an alkyl, 
substituted alkyl, aryl, substituted aryl, heteroaryl, or substituted heteroaryl having 1 to 
10 carbon atoms or 2-8 carbon atoms or 3-6 carbon atoms. Hydroxyalkyls or 

15 alkoxyalkyls are sometimes favored substituted alkyls. 

In some embodiments R200 is an alkyl. Some examples R200 is a straight or 
branched alkyl of Ci-Cg. In other examples R200 is a straight or branched alkyl of Ci- 
Ce. In still other examples R200 is a straight or branched alkyl of C1-C4, such as methyl, 
ethyl, z-propyl, Az-propyl, /-butyl, w-butyl, and r-butyl. 

20 In some embodiments R200 is an alkyl of C1-C4 that is branched. In some 

embodiments, isobutyl groups are preferred R200 groups. 

In some embodiments R200 is an alkoxy of Ci-Cg that is either straight chain or 
branched. In other examples R200 is an alkoxy of Ci-Ce that is either straight chain or 
branched. In still other examples R200 is an alkoxy of C1-C4 that is either straight chain 

25 or branched. 

In some embodiments R200 is an aryl or substituted aryl. In other embodiments 
R200 is a heteroaryl or substituted heteroaryl. Some representative examples of 
substituted aryls and substituted heteroaryl shown in Formulae (310a and 310b): 




(310a) 



(310b) 
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wherein R2225 R223 and R223 are organic or inorganic radicals. Suitable radicals 
include but are not limited to hydrogen, alkyl, substituted alkyl, haloalkyl, alkenyl, 
substituted alkenyl, alkjmyl, substituted alkynyl, halogen, cyano, nitro, hydroxy!, 
acyloxy, amino, mono-substituted amino, di-substituted amino, alkylsulfonamide, 
5 substituted alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, alkylurea, 
alkylthiourea, arylurea, acyl, substituted acyl, alkylcarbamate, arylcarbamate, 
alkylthiocarbamate, substituted alkylthiocarbamate, arylthiocarbamate, heteroaryl, 
substituted heteroaryl, alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, 
alkylsulfonyl, thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted 

10 alkylcarboxamide, dialkylcarboxamide or substituted dialkylcarboxamide; and Nr 
represent the number of nitrogen in the ring wherein "r" is 1, 2 or 3 thus forming a 
substituted or unsubstituted pyridyl, pyrimidinyl or triazinyl respectively. Some other 
embodiments where R200 is a heteroaryl or substituted heteroaryl include five- 
membered rings. Some interesting heteroaryl and substituted heteroaryl residues are 

1 5 five membered rings, where some representative examples are of the Formulae (312a- 



X): 




(312a) 



(312b) 



(312c) 



(312d) 




(312e) 



(312f) 



(312g) 



(312h) 





R222 
(312k) 




R222 
(3121) 
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\ / 
N=N 

(312m) 



R222 ^^222 



vrv/> 



N-N 



I 

R223-v^N 

Tl >^R222 
N-N ' 



R223 



(312n) 



\/\n 



^224--^^^^^^ R223 
R223 

(312q) 




R222 




(312r) 



wo 



wo 




R223 R222 

(312u) 



R223 R222 

(312v) 



(312o) 



R223 



R222 



(312s) 
wo 

I 

R224'^|>R223 
R222 



N-\ 
(312pf= 



222 
vrvo 



R223- 




%y---R224 

N-N 

R222 
(312t) 

wo 



R222 ■■-'•^^^^^ R224 

f^223 

(312x) 



(312w) 

wherein R222, R223 and R224 are independently or together hydrogen, alkyl, 
5 substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono-substituted amino, di- 
substituted amino, alkylsulfonamide, substituted alkylsulfonamide, arylsulfonamide, 
heteroarylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, substituted acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, substituted alkylthiocarbamate, 

10 aiylthiocarbamate, heteroaryl, substituted heteroaryl, alkoxy, substituted alkoxy, 
haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide or 
substituted dialkylcarboxamide. In some embodiments, R222, R223 and R224 are 
hydrogen, a halogen, or a C1-C4 alkyl. 

15 It is to be understood that compounds of Formula (312a-x) possessing 

heteroaryl residues wherein N-R222 is a hydrogen, tautomers are possible and are within 
the scope of the invention. For example, triazole (312e) can exist in several tautomeric 
forms when R222 is hydrogen. These forms can be represented as shown: 



HN 



wo 

.1 



N 



N 



v\o 

1 



NH 



wo 

1. 



N= 



N-^ "N 
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^^223 



^223 



R223 
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10 



15 



20 



Other represented structures that can exist as various tautomeric forms include, 
for example, (312i), (312in), (312t) and (312u). 

Some embodiments of the invention relate to compoimds of the first or second 
genuses wherein -C(R205)(R206)-, -C(R207)(R208)- and -C(R209)(R2io)- independently 
form a cycloalkyl optionally substituted with O, S or N-alkyl. For example, in some 
embodiments of bicyclic residues (305a-n) and (306)-(308), the R207 and R208 radicals 
can optionally be bonded together to form an additional exocyclic cycloalkyl radical, 
which can optionally comprise 1 or 2 heteroatoms selected from -0-, -S-, -NH-, or - 
N(alkyl)-. Representative examples of such exocyclic cycloalkyls with optional 
heteroatoms include but are not limited to exocyclic cyclopropyl, cyclobutyl, 
cyclopentyl, tetrahydrofuranyl, pyrrolidinyl and like radicals. For example, for residues 
of formula (305a), the (R207) and (R208) substituents of the -C(R207)(R208)- radical can 
be bonded together form a cycloalkyl having the Formulae (309a-c). 



R206 




R206 



^201 

R202 

R200 

(309a) 




^205 



R202 I 

R200 
(309b) 




R202 



R200 

(309c) 



Some embodiments of the invention relate to compoimds of the invention 
wherein -C(R209)(R2io)- form a cycloalkyl optionally substituted with -0-, -S-, -NH-, 
or -N(alkyl)-. Representative examples of bicyclic radicals of Formula (305d) wherein 
-C(R209)(R2io)- together form a cycloalkyl are of the Formulae (309d-f). 





R208 



R206 R205 
r<207 V/ 



R200 




(309f) 



200 



(309e) 

Any two of the R203, R204, R205, R206, R207, R208, R209 and R210 residues can also 
be connected together to form an exocyclic substituent residue comprising 1 to 6 ring 
carbon atoms and from 0 to 3 optional ring heteroatoms selected from O, S, or N. 
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The Ario residue is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 
residue. Although not wishing to be bound by theory, the compounds of the invention, 
including the Ario radical and/or its various substituents are selected so as to have a 
geometry, size, and polarity that is smtable to allow the compounds of the invention to 
5 interact with and substantially fill, yet fit within, the binding regions of the target 

biological molecules, so as to contribute to the effective binding of the compounds to 
the binding sites in the biological target molecules. Therefore, in some embodiments, 
the Ario radical or residue, together with all its associated substituent radicals together 
comprise from 2 to 1 8 carbon atoms, or from 3 to 1 6 carbon atoms, or from 4 to 1 2 

10 carbon atoms, or from 5 to 10 carbon atoms. 

In many embodiments, Ario comprises from 3 to 6 ring carbon atoms and from 0 
to 3 optional ring heteroatoms selected from O, S, or N. The aryl and heteroaryl rings 
(whether substituted or unsubstituted) include benzene, pyridine, pyrimidene, and 
pyrazine rings. The Ario residue is at least disubstituted in the sense that it is bonded to 

1 5 both the bicyclic residue and the carbon atom connecting to the heterocyclic ring 

comprising W, X, Y and Z. The Ario residue can have any ring substitution geometry 
(i.e. the bicyclic reside and the carbon atom substituents can be any of ortho, meta, and 
para with respect to each other. 



20 relating to the use of the compounds as agents for the treatment of diabetes, lipid or 
carbohydrate metabolism, or adipocyte differentiation, compounds having an Ario 
residue with a "meta" ring geometry can be unexpectedly advantageous. Examples of 
such meta substituted Ario residues include compounds of the Formulas (315a), (315b), 
(315c) or (315d): 



Nevertheless, it has been found that in certain embodiments, especially those 




'?231 



R233 
(315a) 
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R230 




(315d) 



The R230, R231J R232 and R233 substituents for Ario are independently selected 
from hydrogen, alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono-substituted 
5 amino, di-substituted amino, alkylsulfonamide, substituted alkylsulfonamide, 
arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, 
substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, substituted 
alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, alkoxy, 
substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, 
10 carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 

dialkylcarboxamide or substituted dialkylcarboxamide. In many embodiments, each of 
the R230, R231, R232 and R233 substituents, if they are an organic residue or radical, will 
comprise between 1 to 8 carbons, or 1 to 6 carbons, or 1 to four carbons. 



15 by theory, it is believed that such substituents can unexpectedly improve the activity of 
the compounds as agents for modulating lipid or carbohydrate metabolism, adipocyte 
differentiation, and/or producing anti-diabetic and/or anti-cholesteremic activity. In 
some embodiments, preferred R1255 residues are an alkyl, substituted alkyl, haloalkyl, 
alkoxy, substituted alkoxy, haloalkoxy, halogen, amino, mono-substituted amino, or 

20 disubstituted amino residue, particularly those comprising from 1 to 6 carbons, or 1 to 
four carbons. 



In some embodiments R230 is not hydrogen. Although not wishing to be bound 



In some embodiments Ario is Formula (317a), (317b), (317c) or (317d): 




(317a) 



233 



R233 

(317b) 
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(317c) 



(317d) 



wherein R231, R232 and R233 are independently or together hydrogen or halogen. 

In some embodiments represents a bond present, and therefore there is a 

carbon-carbon double bond between the carbon atom bonded to the R211 substituent and 
5 the heterocycle comprising the W, X, Y, and Z radicals, and the compound is a 
'*benzylidene" compound having Formula (320): 



In some embodiments represents a bond absent, and therefore there is a 

carbon-carbon single bond between the carbon atom bonded to the R211 substituent and 
10 the heterocycle comprising the W, X, Y, and Z radicals, and the compound is a 
"ben2yl" compound having Formula (322): 



In some embodiments R211 is hydrogen, alkyl, substituted alkyl, hydroxy, 
alkoxy or haloalkoxy. In some embodiments R211 is hydrogen or alkyl. In many 
15 embodiments, R2U is hydrogen. 

The compoimds of the invention can also be described more narrowly than the 
first and second genuses of embodiments described above. Two examples of such 
narrower descriptions are set forth below, but the meanings of the various relevant 




R200 



(320) 




R200 



(322) 
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terms and symbols are intended the same as those same terms and symbols as described 
in the more detailed descriptions set forth above. 

In one narrower description of the invention, the invention relates to a 
compound having the structure 




R200 



wherein: 

a) the bicyclic radical 




wherein R200 comprises 1 to 10 carbon atoms and is selected from the 
group consisting of an alkyl, haloalkyl, halogen, cyano, nitro, hydroxyl, 
acyloxy, amino, mono-alkyl-amino, dialkyl-amino, alkyl sulfonamide, 
arylsulfonamide, heteroarylsulfonamide, acyl, alkylcarbamate, 
15 arylcarbamate, alkylthiocarbamate, aryl, heteroaryl, alkoxy, haloalkoxy, 

thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, or dialkylcarboxamide; 

R201 and R202 are independently selected from hydrogen or a 

halogen; and 

20 R203, R207 and R208 are independently selected from hydrogen or 

an alkyl comprising 1 to 4 carbon atoms, 
b) W, X, Y and Z form a heterocycle having the structure 
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C) 
d) 



is either present or absent; 

Ario has the structure 

^231 

^230 f^2 



^^232 



232 



or 



R233 



R231 

R230v^^ 



or 




or 



232 



^233 



wherein R230, R23b R232 and R233 are independently selected from 
hydrogen, alkyl, haloalkyi, halogen, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, acyl, alkoxy, haloalkoxy, 
thioalkyl, alkylsulfoxide, alkylsulfonyl, carboxy, carboalkoxy, 
alkylcarboxamide, or dialkylcarboxamide, with the proviso that R230 is 
not hydrogen; and 

R211 is hydrogen or an alkyl having from 1 to 4 carbon atoms; 
or a pharmaceutically acceptable salt thereof. 

In yet another embodiment, the invention relates to a compound having the 
structure 



e) 




^200 



wherein: 

a) R200 comprises 1 to 10 carbon atoms and is selected from the group 
consisting of an alkyl, haloalkyl, halogen, cyano, nitro, hydroxyl, 
acyloxy, amino, mono-alkyl-amino, dialkyl-amino, alkylsulfonamide, 
arylsulfonamide, heteroarylsulfonamide, acyl, alkylcarbamate. 
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arylcarbamate, alkylthiocarbamate, aryl, heteroaryl, alkoxy, haloalkoxy, 
thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, or dialkylcarboxamide; 



b) W, Y and Z form a heterocycle having the structure 




R233 ' ^233 
wherein R231, R232 and R233 are independently selected from hydrogen or 
a halogen. 

The compounds disclosed herein can exist in various tautomeric forms. For 
example, 2,4-thiazolidinedione-containing compounds disclosed herein can exist in the 
form of tautomers (324a), (324b) and (324c). 




33 



wo 03/075858 



PCT/US03/07240 



It is understood by those skilled in the art that tautomers can also exist with 
compounds of the invention that contain the heterocycle 2-thioxo-thiazolidine-4-one, 
2,4-imidazolidinedione or 2-thioxo-imidazolidine-4-one. For convenience, all of the 
tautomers can be presented herein by a single formula, but it is understood that all 
tautomers are within the scope of the invention. 

When is present both E and Z configurations are within the scope of the 

invention. For example, 2,4-thiazolidinedione and 2-thioxo-4-thiazolidinedione 
compounds of the invention can have the following structures respectively: 

P211 




N^S 
H 

When only one of the two isomers is shown in this specification or in the 
claims, it should be presumed that both isomers and mixtures thereof are intended 
unless the context makes it plain that only a single isomer is intended. 

The compounds disclosed herein can also include salts of the compounds, such 
as salts with cations. Cations with which the compoxmds of the invention can form 
pharmaceutically acceptable salts include alkali metals, such as sodium or potassium; 
alkaline earth metals, such as calcium; and trivalent metals, such as aluminum. The 
only constraint with respect to the selection of the cation is that it should not 
unacceptably increase the toxicity. 

As already noted above, the 5 membered heterocyclic ring radical comprising 
the W, X, Y, and Z groups form one of four heterocycles, selected fi-om a 2,4- 
thiazolidinedione, 2-thioxo-thiazolidine-4-one, 2,4-imida2olidinedione or 2-thioxo- 
imidazolidine-4-one residue, which can be collectively termed "HAr" heterocycles. The 
four possible HAr heterocylic residues are shown in the drawing below: 
o o q 9 




^-^O. S-^S. Mo H^^"- 

H ^ 

2,4-thia2olidinedione 2-thioxo-thiazolidine-4-one 2,4-imida2olidinedione 2-thioxo-imida2olidine-4-one 



34 



wo 03/075858 



PCT/US03/07240 



All four of the HAr heterocycles shown above comprise at least one ring 

nitrogen atom bonded to a hydrogen atom. The nitrogen-bound hydrogen atoms of all 

four of the HAr heterocyles are sufficiently acidic so as to react with common 

laboratory bases such as organic amine compoxmds, hydroxide salts, and the like. 

5 The acidity of the four HAr heterocycles provides a ready method for preparing 

salts of the compounds of the invention, by reaction with an appropriate base, so as to 

generate an anion from the compound of the invention and a cation derived from the 

base employed. The salts formed by such reactions have the structure 

O 

|=^N Cation® 

10 A wide variety of bases can be employed to produce such salts, including 

monovalent alkali metal hydroxides, divalent alkaline earth metal hydroxides, or bases 
comprising trivalent metal salts such as aluminum. Altematively, organic bases such as 
primary, secondary, or tertiary amines can react with the acidic hydrogens of the 
compounds of the invention to form ammonium salts. The base and/or its associated 

15 cation can be chosen so as to provide desirable solubility, toxicity, and/or 

bioavailability characteristics in the salt after formation of the desired salts. The 
identity of the base and/or the resulting cation will of course vary somewhat with the 
identity of the compoxmd of the invention, and the nature of the pharmaceutical 
composition to be employed and its physical form as a solid or liquid, and the nature of 

20 any solvents and/or carriers to be employed. 

The United States Food and Drug Administration has pubUshed a list of 
pharmaceutically acceptable cations for pharmaceutically acceptable salts that includes 
aluminum, calcium, lithium, magnesium, potassium, sodium, and zinc cations, 
ammonium cations formed by the reactions of acidic compounds with benzathine, 

25 chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine, procaine, t- 

butylamine, and tris(hydroxymethyl)aminomethane ('Tris")- Such "pharmaceutically 
acceptable" salts are often employed and/or evaluated for use in the invention simply 
because of the likelihood of decreased FDA regulatory scrutiny of Example 25 provides 
an example of the synthesis of a particularly useful "Tris" ammonium salt of one of the 

30 compounds of the invention. 
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Also, one or more compounds disclosed herein can include zwitterionic salts 
formed by reaction of a nitrogen contained internally within the compound, such as an 
amine, aniline, substituted aniline, pyridyl and like residues with the acidic hydrogen of 
the HAr group. Altematively, a basic nitrogen contained internally within the 
5 compoimd can be reacted with an extemal acid, such as HCl, sulfuric acid, a carboxylic 
acid or the like. 

The present invention provides, but is not limited to, the specific compounds set 
forth in the Examples. 

MAKING COMPOUNDS OF THE INVENTION 

10 Various synthetic methods can be employed in the making of the compounds 

disclosed herein. A representative set of synthetic pathways is shown in Figures 4-7 for 
the making of the aryl group that can be used in the coupling with Ario and 
subsequently to the compoxmds of Formula (300). One method, for example as shown 
in Figure 4, includes the use of anisole (330) that can be alkylated with, for example, 

15 3-chloro-2-methyl-propene, to give anisole (331). By selecting the desired chloro- 
propene the groups R207R208 can be introduced into compounds of the invention. 
Anisole (331) is subsequently cyclized in the presence of pyridine hydrochloride and 
quinoline with heat to give the dihydro-benzofuran (332). The dihydro-benzofuran 
(332) can be iodinated to compound (333) and subsequently coupled using methods 

20 described below herein to give biaryl (334). Different groups can be introduced at this 
stage in the synthesis. For example, biaryl (334) can undergo another coupling 
reaction, such as a Suzuki coupling reaction and other methods described herein below, 
to give biaryl (335) wherein different heteroaryls or aryl groups can be introduced as 
shown in Figure 4. 

25 Another method, for example shown in Figure 5, includes the use of aryl thiol 

(336) that can be alkylated with an alpha-halo acetate to give ester (337). The ester can 
be converted to a 3° alcohol (338) by methods known in the art, such as through a 
Grignard reagent. The groups R207R208 can be introduced into compoxmds of the 
invention by the selection of the appropriate Grignard. Alcohol (338) is cyclized using, 

30 for example, a Lewis acid, such as AICI3, to give dihydro-benzothiophene (339). In a 
similar manner as described above herein, dihydro-benzothiophene (339) can be 
iodinated to compound (340). Compound (340) can be converted to biaryl (341) and 
subsequently modified to biaryl (342). Coupling reactions to biaryls wherein a sulfur is 
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present in the molecule can provide difficulties with certain catalyses. However, there 
are various procedures in the art that allow such couplings in the presence of a sulfur 
atom, such as, Cram, et ah, J. Org. Chem. 55:4622-4634 (1990) and Savarin, et al., 
Org. Letters 3:2149-2152 (2001). 
5 Another method, for example shown in Figure 6, includes the use of aniline 

(343) that can be cyclized in a similar manner as described by Kraus, et al. Tetrahedron 
Letters 40:2039-2040 (1999) to give dihydro-indole (344). At this stage, R203 can be 
introduced by allowing R203-LG to react with the nitrogen anion of dihydro-indole 

(344) , wherein LG is a leaving group, such as, for example, CI, Br, I, OTf, and the like 
10 to give dihydro-indole (345). Dihydro-indole (345) can be iodinated to give dihydro- 
indole (346) and using methods described herein above dihydro-indole (346) is 
converted to biaryl (347) and subsequently into aryl or heteroaryl modified biaryl 
(348). It will be appreciated that biaryls (334), (341) and (347) can be converted into a 
boron derivative, such as a boron ester or boronic acid, and subsequently coupled with 

1 5 an aryl or heteroaryl halide to give the corresponding coupled biaryl (335), (342) and 
(348) respectively. 

Another method, for example shown in Figure 7, uses aryl bromide (349) to 
prepare a variety of R200 groups. For example, aryl bromide (349) can be converted to 
aldehyde (350) through an aryl lithium intermediate and DMF or equivalent thereof. 

20 Aldehyde (350) can be oxidized using methods in the art, such as, KMn04 or similar 
oxidant, to give carboxylic acid (351). Carboxylic acid (351) can either be coupled 
with a variety of amines, such as, for example, dimethyl amine, to give amide (352) or 
allowed to undergo a Curtius Rearrangement to give aniline (356). Such 
rearrangements can be accompUshed using, for example, diphenylphosphorylazide. 

25 Aniline (356) can be allowed to react with a variety of electrophiles such as, for 

example, acetyl choride to give amide (357). Aldehyde (350) can also under reductive 
amination with amines in the presence of reducing reagents, such as, for example, 
sodium cyanoborohydride, to give amine (359). Aldehyde (350) can also be reduced to 
give benzyl alcohol (360) and subsequently converted to ether (361) using a base and 

30 an alkyl-LG, wherein LG is a leaving group such as those described above herein. Aryl 
bromide (349) can also be converted into an aryl lithium intermediate, in a manner 
described above, and allow to react with an aldehyde or ketone, for example 
isobutyraldehyde, to give alcohol (353). Alcohol (353) can either be oxidized to ketone 
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(354) or deoxygenated using, for example, triethylsilane in TFA, to give arylalkyl 

(355) . Aryl bromide (349) can also be converted into benzonitrile (358) using methods 
known in the art, such as CuCN in quinoline with heat. Benzonitriles can be converted 
into a variety of heterocycles using methods known in the art. 

5 Various synthetic methods can be employed in coupling the aryl or heteroaryl 

together with Ario of Formula (300). A representative set of synthetic pathways is 
shown in Figure 8. One method, for example, includes coupling a boronic acid of 
Formula (362), R240 = H, with a suitable carbonyl-containing aryl of Formula (364), 
such as R250 == Br, I, CI, triflate or the like, to give biaryl (366) that is substituted with a 

10 carbonyl group, such as a formyl group (Le., R211 = H). Altematively, boronic acid 
(362) can be coupled with aryl (368), such as when R250 = Br, I, CI, triflate or the like, 
to give biaryl (370) that is subsequently formylated using techniques known in the art, 
such as the Vilsmeier or the Vilsmeier-Haack reaction, the Gatterman reaction, the Duff 
reaction, the Reimer-Tiemann reaction or a like reaction. Coupling reactions such as 

15 that described for the formation of Biaryl (366) and (370) can also be conducted using 
boronic esters, such as where R240 together with the boron from a pinacol borate ester 
(formation of pinacol esters: Ishiyama, T., et al., J. Org. Chem. 1995, 60, 7508-7510, 
Ishiyama, T., et al., Tetrahedron Letters 1997, 38, 3447-3450; coupling pinacol esters: 
Firooznia, F. et al.. Tetrahedron Letters 1999, 40, 213-216, Manickam, G. et al., 

20 Synthesis 2000, 442-446; all four citations incorporated herein by reference). In the 
example for aryl (368) when R250 is a triflate, it can easily be obtained by known 
methods from the corresponding phenol, 

Biaryl (370) can also be acylated, for example by the Friedel-Crafls Acylation 
reaction (using an acid chloride) or the like to give biaryl (366) where R211 is not 

25 hydrogen. Altematively, in a two step manner, biaryl (370) is formylated by first 

performing a halogenation step to give biaryl (372), such as a bromination, followed by 
a halogen-metal exchange reaction using an alkyl lithium or lithixim tributylmagnesate 
complex as described by lida, et. al. in Tetrahedron Letters 2001, 42, 4841-4844 and 
reaction with DMF or equivalent known in the art to give biaryl (366) where R2ii is H. 

30 In an alternative manner, the coupling can take place between aryl (382), such 

as where R250 = Br, I, CI, triflate or the like, and boronic acid (384, R240 = H or alkyl) to 
give the above mention biaryl (366). Also aryl (382) can be coupled with boronic acid 
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(386) to give biaryl (370). Employing the same strategy as described above biaryl 
(370) can be converted to biaryl (366). 

Coupling of two aryl rings can be conducted using an aryl boronic acid or esters 
with an aryl halide (such as, iodo, bromo, or chloro), triflate or diazonium 
5 tetrafluoroborate; as described respectively in Suzuki, Pure & Applied Chem,, 66:213- 
222 (1994), Miyaura and Suzuki, Chem. Rev, 95:2457-2483 (1995), Watanabe, 
Miyaura and Suzuki, SynletL 207-210 (1992), Littke and Fu, Angew. Chem. Int. Ed., 
37:3387-3388 (1998), Indolese, Tetrahedron Letters, 38:3513-3516 (1997), Firooznia, 
et. al., Tetrahedron Letters 40:213-216 (1999), and Darses, et. al., Bull. Soc. Chim. Fr. 
10 133: 1095-1 102 (1996); all incorporated herein by reference. According to this 
coupUng reaction, precursors such as (362) and (364) can be employed: 



where R240 is either alkyl, cycloalkyl (i.e., pinacol) or hydrogen and R250 is a halide 
(such as, iodo, bromo, or chloro), triflate or diazonium tetrafluoroborate. Altematively, 
15 it is understood that the coupling groups can be reversed, such as the use of (382) and 
(384), to achieve the same coupling product: 



where R240 and R250 have the same meaning as described above. The preparation of the 
above mentioned precursors can be prepared by methods readily available to those 
skilled in the art. For example, the boronic ester can be prepared from aryl (382, where 
20 R250 = halide, such as bromo) by conversion of the halide to the corresponding aryl 




N — M 
\ 

L 




N — M 
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lithium, followed by treatment with a trialkyl borate. Methods are know in the art to 
prepare pinacol boronic esters from trfilates, such as aryl (382, where R250 = triflate). 
The coupling reaction can also be conducted between an arylzinc haUde and an aryl 
halide or triflate. Alternately, the coupling reaction can also be executed using an aryl 
5 trialkyltin derivative and an aryl halide or triflate. These coupling methods are 
reviewed by Stanforth, Tetrahedron 54:263-303 (1998) and incorporated herein by 
reference. In general, the utilization of a specific coupling procedure is selected with 
respect to available precursors, chemoselectivity, regioselectivity and steric 
considerations. 

10 Condensation of the biaryl carbonyl containing derivatives (e.g., Figure 8, 

compound (366)) with a suitable active methylene compound, such as, 2,4- 
thiazolidinedione, can be accomplished by the use of methods known in the art. For 
example, the biaryl carbonyl product from the coupling reaction can be condensed with 
an active methylene compound to give a benzylidene compoimd of Formula (300) 

15 {i.e,, is a bond) as described by Tietze and Beifuss, Comprehensive Organic 

Synthesis (Pergamon Press), 2:341-394, (1991), incorporated herein by reference. It is 
understood by those skilled in the art that intermediates having hydroxyl groups bonded 
thereto can be formed during condensation of a biaryl carbonyl containing derivative 
and an active methylene compoxmd, as shown below. 




(366) (367) 



The hydroxyl groups of benzylic intermediates such as (367) are often 
eliminated (as water) during the condensation reaction, to form the desired benzylidene 
compound. Nevertheless, the conditions of the reaction can be modified for the 
isolation or further use of hydroxyl containing intermediates, and such embodiments 
25 are within the scope of the invention. Effective catalysts for the condensation can be 
selected from ammonia, primary, secondary and tertiary amines, either as the free base 
or the amine salt with an organic acid, such as acetic acid. Examples of catalysts 
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include pyrrolidine, piperidine, pyridine, diethylamine and the acetate salts thereof. 
Inorganic catalysts can also be used for the condensation. Inorganic catalysts include, 
but are not limited to, titanium tetrachloride and a tertiary base, such as pyridine; and 
magnesium oxide or zinc oxide in an inert solvent system. This type of condensation 
5 can be strongly solvent-dependent and it is understood that routine experimentation 
may be necessary to identify the optimal solvent with a particular catalyst, preferable 
solvents include ethanol, tetrahydrofuran, dioxane or toluene; or mixtures thereof. 

In order to prepare the reduced benzylic heterocycles such as compoxmd (380), 
the carbonyl group of biaryl (366) can be reduced, such as with sodium borohydride, 

10 diisobutyl aluminum hydride, or the like, to give benzyl alcohol (376, R260 = OH) and 
converted to benzyl bromide (378, R260 = Br) with HBr or some other method known in 
the art, such as PPh3/CBr4 or converted to another leaving group, such as, for example, 
mesylate or iodide. Benzyl bromide (378, R260 = Br) or like compound is allowed to 
react with the anion(s) of precursors of HAr(l), HAr(2), HAr(3), or HAr(4), such as a 

15 deprotonated anion of 2,4-thiazolidinedione, to give a heterocyclic biaryl (380) . 

Altematively, reduced benzylic biaryls of formula (380), can be prepared by a 
reduction of the benzylidene compound (374), using methods known in the art such as 
hydrogenation in the presence of Pd/C, Mg/MeOH, LiBH4 in THF/pyridine and the 
like. A number of methods suitable for reducing benzylidene compounds to benzyl 

20 compoimds (including hydrogenation, reaction with metal hydride reagents, or 

dissolving metal reductions) are known to those of skill in the art, and those methods 
can be applied in the methods of the instant invention.' 

Some of the compounds of the invention, comprise a "bicyclic" residue or 
radical of the following formula: 



wherein the L, M, N, Q and T radicals or residues can be selected from -S-, - 
S(0)-, or -S(0)2-. Compounds of formulas (305b) or (305e) are examples of such 
compounds comprising an — S- group. Such thioether compounds can be prepared from 
benzenethiol precursors, as will be apparent to those of ordinary skill in the art. The 




R200 



25 
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10 



15 



corresponding sulfoxides and sulfones can be readily prepared by selective oxidation of 

the thioether compounds. For example, appropriate thioether synthetic precursors can 

be oxidized in a selective manner v^ith m-chloroperbenzoic acid to provide the 

sulfoxide compound. The sulfoxide can be further oxidized with additional m- 

chloroperbenzoic acid, or with hydrogen peroxide in acetic acid, as described by Zask 

et al, J, Med. Chem, 33:1418-1423 (1990), to provide the sulfone compounds, as is 

suggested below. 

R205 
-S 

MCPBA R207-;^ ^ orH202 ^^^'^y^\J<,J 






In view of the teachings and disclosures above, in some aspects, the invention 
relates to methods for preparing the compounds of the invention, wherein the method 
comprises 

a) coupling 

i) a bicyclic heterocycle precxirsor compound having the structure 




R201 ii".^p 



R202 



R200 



ii) 



with an Ario precxirsor compound having the structure 



R 



211 



iii) 



to form a carbonyl containing precursor compoxmd having the 
formula 




Ario 



R201 
R202 



R 



211 



R200 
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b) further reacting the carbonyl containing precursor compound so as to 
connect to the carbonyl of the carbonyl containing precursor the HAr 
heterocycle. 

The methods of making the compounds of the invention can also comprise one 
or more additional steps, including a step wherein the further reacting comprises 
condensing the carbonyl containing precursor compound with a compound having the 
formula 

O o O 0. 



/\ . /^s 

After the compounds of the invention have been prepared, it would be desirable 
1 0 for many applications of the compounds to prepare a pharmaceutically acceptable salt. 
Many methods for preparing pharmaceutically acceptable salts are well known to those 
of ordinary skill in the art. One method that can readily be employed to prepare such 
salts would be to react the compounds of the invention with a basic compound, such as 
a basic salt of a monovalent, divalent, or trivalent metal cation, or an organic amine, so 
15 as to remove an acidic hydrogen atom of the HAr group, so as to prepare a salt having 
the structure 

o 



, Cation 



The cation obtained by such acid/base reactions would of course depend upon 
the nature of the base used to prepare the pharmaceutically acceptable salt. Suitable 

20 cations and/or bases have already been disclosed hereinabove in the disclosures related 
to the various embodiments of the active compounds themselves. 

The various synthetic strategies and/or organic group transformations described 
hereinabove can be performed by a number of modified strategies and/or procedures 
other than those described above, as will be appreciated by those of ordinary skill in the 

25 art. References disclosing other synthetic procedures that can be utilized for the 

synthetic steps leading to the compounds disclosed herein can be found in, for example, 
March, I, Advanced Organic Chemistry, 4^^ Edition, Weiley-Interscience (1992); or 
Larock, R. C, Comprehensive Organic Transformations, A Guide to Functional Group 
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Preparations, VCH Publishers, Inc. (1989), both incorporated herein in their entireties 

by this reference. 

Pharmaceutical Compositions 

Although the compounds described herein can be administered as pure 

5 chemicals, it is often preferable to present the active ingredient as a pharmaceutical 

composition. Thus additional embodiments of the invention relate to the use of a 

pharmaceutical composition comprising one or more compounds and/or one or more 

pharmaceutically acceptable salts thereof, together with one or more pharmaceutically 

acceptable carriers thereof and, optionally, other therapeutic and/or prophylactic 

10 ingredients. The carrier(s) must be 'acceptable' in the sense of being compatible with 

the other ingredients of the composition and not overly deleterious to the recipient 

thereof. 

Pharmaceutical compositions include those suitable for oral, enteral, parental 
(including intramuscular, subcutaneous and intravenous), topical, nasal, vaginal, 

15 ophthalinical, sublingually or by inhalation administration. The compositions can, 

where appropriate, be conveniently presented in discrete unit dosage forms and can be 
prepared by any of the methods well known in the art of pharmacy. Such methods 
include the step of bringing into association the active compoxmd with hquid carriers, 
solid matrices, semi-solid carriers, finely divided solid carriers or combination thereof, 

20 and then, if necessary, shaping the product into the desired delivery system. 

Pharmaceutical compositions suitable for oral administration can be presented 
as discrete unit dosage forms such as hard or soft gelatin capsules, cachets or tablets 
each containing a predetermined amoimt of the active ingredient; as a powder or as 
granules; as a solution, a suspension or as an emulsion. The active ingredient can also 

25 be presented as a bolus, electuary or paste. Tablets and capsules for oral administration 
can contain conventional excipients such as binding agents, fillers, lubricants, 
disintegrants, or wetting agents. The tablets can be coated according to methods well 
known in the art., e.g., with enteric coatings. 

Oral liquid preparations can be in the form of, for example, aqueous or oily 

30 suspensions, solutions, emulsions, syrups or elixirs, or can be presented as a dry 

product for constitution with water or other suitable vehicle before use. Such liquid 
preparations can contain conventional additives such as suspending agents, emulsifying 
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agents, non-aqueous vehicles (which can include edible oils), or one or more 
preservative. 

The compounds can also be formulated for parenteral administration (e.g., by 
injection, for example, bolus injection or continuous infusion) and can be presented in 
5 unit dose form in ampules, pre-fiUed syringes, small bolus infusion containers or in 
multi-does containers with an added preservative. The compositions can take such 
forms as suspensions, solutions, or emulsions in oily or aqueous vehicles, and can 
contain formulatory agents such as suspending, stabilizing and/or dispersing agents. 
Alternatively, the active ingredient can be in powder form, obtained by aseptic isolation 

10 of sterile solid or by lyophilization from solution, for constitution with a suitable 
vehicle, e.g., sterile, pyro gen-free water, before use. 

For topical administration to the epidermis, the compounds can be formulated as 
ointments, creams or lotions, or as the active ingredient of a transdermal patch. 
Suitable transdermal delivery systems are disclosed, for example, in Fisher et al. (U.S. 

15 Patent (No. 4,788,603, incorporated herein by reference) or Bawas et al. (U.S. Patent 
No. 4,931,279, 4,668,504 and 4,713,224; all incorported herein by reference). 
Ointments and creams can, for example, be formulated with an aqueous or oily base 
with the addition of suitable thickening and/or gelling agents. Lotions can be 
formulated with an aqueous or oily base and will in general also contain one or more 

20 emulsifying agents, stabilizing agents, dispersing agents, suspending agents, thickening 
agents, or coloring agents. The active ingredient can also be delivered via 
iontophoresis, e.g., as disclosed in U.S. Patent Nos. 4,140,122, 4383,529, or 4,051,842; 
incorporated herein by reference. 

Compositions suitable for topical administration in the mouth include unit 

25 dosage forms such as lozenges comprising active ingredient in a flavored base, usually 
sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert 
base such as gelatin and glycerin or sucrose and acacia; mucoadherent gels, and 
mouthwashes comprising the active ingredient in a suitable liquid carrier. 

When desired, the above-described compositions can be adapted to provide 

30 sustained release of the active ingredient employed, e.g., by combination thereof with 
certain hydrophilic polymer matrices, e.g., comprising natural gels, synthetic polymer 
gels or mixtures thereof. 
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The pharmaceutical compositions according to the invention can also contain 
other adjuvants such as flavorings, coloring, antimicrobial agents, or preservatives. 

Biological Activity of the Compounds 

The compounds of the present invention have been found to be active in a 

5 number of biological assays, both in vitro and in vivo, that correlate to, or are 
representative of, human diseases. 

In-Vitro Screening for Adipocyte Differentiation. The compoxmds of the 
invention can induce the differentiation of preadipocytes into adipocytes. Once 
preadipocytes become differentiated, they tend to accumulate lipids, and the increasing 

10 lipid content of the differentiated cells can be readily detected. This activity (Harris 
and Kletzien, Mol Pharmacol, 45:439-445 (1994); Willson et al., J, Med. Chem, 
39:665-668 (1996)) has been observed for certain compounds that have antidiabetic 
activity in humans (Teboul et al., J. Biol Chem, 270:28183-28187 (1995)), and assays 
for adipocyte diffentiation activity have been employed by those in the art to screen 

15 new compounds for anti-diabetic activity. 

As illustrated in Example 21 and Figure 1, a number of the compounds whose 
synthesis is detailed in Examples 1-19 were found to induce the differentiation of 3T3- 
Ll pre-adipocytes in in-vitro tests, when applied at concentrations of 1 x 10'^ Molar 
and lower. For comparative purposes only. Figure 1 shows the comparative adipocyte 

20 differentiation activity of compound 20 (5-[3-(3,5,5,8,8-Pentamethyl-5,6,7,8- 

tetrahydro-naphthalen-2-yl)-4-trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, 
which was disclosed as active for both adipocyte differentiation and for the treatment of 
diabetes in U.S Patent No. 6,515,003). As can be seen in Figure 1, a number of the 
bicyclic compoimds of the invention have adipocyte differentiation activity that is at 

25 least comparable to that of comparative compound 20. 

Therefore, one method for assaying the biological activity of the compounds of 
the invention is conduct an assay as described in Example 21, and any compound that 
induces adipocyte differentiation at a concentration of less than or equal to about 1 x 
10*^ M, can be considered to have biological activity that is related to potential 

30 treatment of diabetes and/or related disorders of carbohydrate and/or lipid metabolism. 
In order to demonstrate the activity of the various compounds of the invention for 
effectiveness and/or activity for adipocyte differentiation, the compound can be applied 
at a concentration of about 1 x 10*^ M for a period of about 7 days, to mouse 



46 



wo 03/075858 



PCT/US03/07240 



preadipocyte 3T3-L1 cells, and measure the increase the lipid content of the cells. The 
compounds can be considered active for adipocyte differentiation if the lipid 
accumulation induced is at least about 20%, or at least about 40%, of the lipid 
accximulation induced by 5-[3-(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydro-naphthalen-2- 
5 yl)-4-trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione when it is applied to 

control cultures of mouse preadipocyte 3T3-L1 cells at a concentration of about 1x10"^ 
M. 

In-Vivo Screening for Biological Activity Using Mouse Models of Human 
Diseases The ability of the compounds to function as antidiabetic molecules and/or 

10 modulators of carbohydrate and/or lipid metabolism can be demonstrated in animal 
models. These models include among others, dhidh mice, ohioh mouse, and KKA^ 
mice. Accordingly, the biological activity of the compounds of the invention has been 
demonstrated in experiments employing the KKA^ mouse. A procedure for such 
experiments was described in detail in Iwatsuka, et aL^ 1970 General Survey of 

15 Diabetic Features of Yellow KK Mice. Endocrinol Japon, 17: 23-35, incorporated 
herein by reference. The testing of the compounds of the invention was conducted as 
described in Example 22. The animals were treated with a single daily oral dose of 15 
mg/kg of the test compound suspended in sesame oil (dose volume of 3-5ml/kg). At 
the end of one and two weeks of treatment the animals were bled from the tail vein and 

20 their serum glucose and triglycerides and/or cholesterol was measured in duplicate. 

The results of the testing of compounds 1 , 6, and 9 of the invention are shown in 
Figures 2 and 3. As can be seen in Figure 2, all three compounds significantly 
lowered the serum glucose level of the treated rats, as compared to a control. 
Unexpectedly, as can be seen in Figure 3, all three compounds simultaneously lowered 

25 the serum triglyceride levels of the treated animals as compared to a control. The 
simultaneous decrease of both serum glucose and serum triglycerides in the animals 
was particularly unexpected and surprising in view of the known tendency of certain 
already approved drugs for the treatment of diabetes to aggravate problems related to 
lipid metabolism. 

30 In view of these experiments in the KKA^ mice, the compounds of the invention 

have demonstrated oral bioavailability. Oral bioavailability allows for oral dosing for 
use in chronic diseases such as diabetes, with the advantage of self-administration and 
decreased cost over other means of administration. 
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Compounds showing efficacy in lowering serum glucose and which do not 

increase serum triglycerides, or preferably, compounds that simultaneously lower 

glucose and triglyceride levels in the BCKA^ mouse model, can be further tested in 

additional in vivo model animals known in the art, such as those involving , db/db^ 

5 oblob, and Sprague Dawley rats. The ability of a compound to reduce certain lipids 

such as cholesterol or to change the ratio of good versus bad cholesterol, i.e. HDL 

versus LDL, can be measured in animal models. One model commonly used is the 

diet-induced hypercholesterolemic Sprague Dawley rat. 

Methods for Treating Diseases 
10 The compounds described herein can be used effectively to prevent, alleviate or 

otherwise treat type 2 diabetes and/or related disease states in mammals, including 

humans. As is well known, type 2 diabetes is related to deficiencies in carbohydrate 

metabolism. Patients suffering from type 2 diabetes usually still produce insulin, 

which is directly involved in carbohydrate metabolism, but become increasingly 

15 resistant to their own insulin and to insulin therapy. The deficiencies in carbohydrate 
metabolism cause damaging increases in serum glucose concentration, causing 
potentially deadly side effects and/or damage general metabolism and/or vital organs. 

Methods of treatment comprising the administration of the compounds of the 
invention to an animal such a diabetic patient beneficially modulate carbohydrate 

20 metaboUsm. Carbohydrate metabolism can be up-regulated or down-regulated to either 
approach the level of carbohydrate metabolism in the animal or as compared to a 
control animal, or to deviate from the level of carbohydrate metabolism in an animal or 
as compared to a control animal. 

Therefore, in some embodiments, the invention relates to methods for treating 

25 type 2 Diabetes comprising administering to an animal, a mammal, or a human 

diagnosed as needing such treatment one or more compounds of the invention in an 
amount effective to decrease the serum glucose levels of the animal, mammal, or 
human. In some embodiments of the methods the compound is applied in an amount 
effective to decrease the serum glucose levels in the animal, mammal, or human by at 

30 least about 5%, or about 10%. 

Changes in carbohydrate metabolism can directly or indirectly also result in 
changes of lipid metabolism and, similarly, changes in lipid metabolism can lead to 
changes in carbohydrate metabolism. For example, in type 2 diabetes an increase in 
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free fatty acids in the patients leads to decreased cellular uptake and metabolism of 
glucose. 

Accordingly, the present invention also relates to methods for modulating lipid 
metabolism that relate to administration of a compound of the invention to an animal, 
5 mammal, or human so as to induce an increase of lipid content intracellular or 

extracellularly. For example, compounds of the invention can induce macrophages to 
increase secretion of cholesterol into the extracellar medium. Cholesterol-loaded 
macrophage foam cells are a hallmark of atherosclerotic lesions [Gown et al. (1986) 
Am. J. Phathol. 125, 191-207]. Although advanced human atherosclerotic lesions 

10 contain other cell types, it has been suggested that the lipid-rich portion of the lesion is 
most prone to rupture and cause myocardial infarction (Ross, 1999). Removal of 
cholesterol from peripheral cells including macrophages, is a key process in the 
maintenance of whole body cholesterol homeostasis and prevention of atherosclerosis 
[Oram, J.F. (2002) Trends MoLMed. 8, 168-173]. This process involves efflux of 

15 excess cholesterol from peripheral cells towards nascent high density lipoprotein 

(HDL), followed by transport of the cholesterol to the liver, followed by hepatic uptake 
and secretion in the form of cholesterol or bile salt, and finally disposal into feces. 
Therefore, novel therapeutic agents that increase cholesterol efflux from macrophages 
in atherosclerotic lesions can be employed to treat patients with coronary artery disease, 

20 which is a disease that is often associated with diabetes. 

Modulation of lipid metabolism by the compounds of the invention can also 
induce a decrease of lipid content intracellularly or extracellularly. Modulation of 
metabolism can occur directly for example, through binding of the compound of the 
invention with its cognate receptor, which directly affects an increase or decrease in 

25 semm lipid content by up-regulation or down-regulation of a gene involved in lipid 

metabolism. Modulation of metabolism can also occur indirectly, for example, through 
binding of the compoimd of the invention with its cognate receptor, which up-regulates 
or down-regulates cellular differentiation or growth of cells that produce lipids, thereby 
indirectly causing lipid metabolism to be modulated. Modulation, also includes, for 

30 example, an increase in lipid metabolism, such that the lipid metabolism approaches 
that of a control. Likewise, modulation of lipid metabolism could be a decrease in the 
rate of lipid metabolism, such that the rate of lipid metabolism is less than or decreasing 
towards a control. 
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It is also to be understood that a variety of lipid molecules can be modulated. 
The compounds disclosed herein can modulate a single class of lipid molecules, such as 
triglycerides. Therefore, in some embodiments, the invention relates to methods for 
treating dyslipidemia comprising administering to an animal, a mammal, or a human 
5 diagnosed as needing such treatment one or more compoimds of the invention in an 
amount effective to decrease semm triglyceride levels in the animal, mammal, or 
human, or as compared to serum triglyceride levels in control animals, mammals, or 
humans. In some embodiments, the compoimds of the invention are administered in an 
amount effective to decrease serum triglyceride levels by at least about 5%, or at least 
10 about 10%. 

The compounds disclosed herein can also modulate multiple classes of lipid 
molecules, including cholesterol. Therefore, in some embodiments the invention 
relates to a method of treating hypercholesterolemia comprising administering to an 
animal, mammal, or human diagnosed as needing such treatment one or more 

1 5 compounds of the invention in an amount effective to treat the hypercholesterolemia. 
In some embodiments, the one or more compounds is applied in an amount effective to 
decrease serum cholesterol levels in the animal, mammal, or human, or as compared to 
a control animal, mammal, or human by at least about 5%, or at least about 10%. 

Surprisingly and quite unexpectedly, the methods of treatment that employ 

20 compounds of the invention for the treatment of diabetes have been shown to 

simulultaneously decrease both serum glucose and serum triglyceride levels in animal 
models for diabetes. 

The compounds disclosed herein can be either used singularly or plurally, and 
pharmaceutical compositions thereof for the treatment of mammalian diseases, 

25 particularly those related to humans. Compounds disclosed herein and compositions 
thereof can be administered by various methods including, for example, orally, 
enterally, parentally, topically, nasally, vaginally, ophthalinically, sublingually or by 
inhalation for the treatment of diseases related to lipid metabolism, carbohydrate 
metabolism, lipid and carbohydrate metabolism such as polycystic ovary syndrome, 

30 syndrome X, type 2 diabetes, including disorders related to type 2 diabetes such as, 
diabetic retinopathy, neuropathy, macrovascular disease or differentiation of 
adipocytes. Routes of administration and doseages known in the art can be found in 
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Comprehensive Medicinal Chemistry, Volume 5, Hansch, C. Pergamon Press, 1990; 
incorporated herein by reference. 

The compositions can also be used as regulators in diseases of uncontrolled 
proliferation. The composition can be useful in the treatment of polycystic kidney 
5 disease and cancers such as, carcinomeis, Ijmiphomas, leukemias, and sarcomas. A 
representative but non-limiting list of cancers is lymphoma, Hodgkin's Disease, 
myeloid leukemia, bladder cancer, brain cancer, head and neck cancer, kidney cancer, 
lung cancers such as small cell lung cancer and non-small cell lung cancer, myeloma, 
neuroblastoma/glioblastoma, ovarian cancer, pancreatic cancer, prostate cancer, skin 

10 cancer, liver cancer, melanoma, colon cancer, cervical carcinoma, breast cancer, and 
epithelial cancer. Compounds disclosed herein can be used for the treatment of 
inflammatory diseases such as osteoarthritis, rheumatoid arthritis, Crohn's Disease, 
pulmonary fibrosis, and Inflammatory Bowel Disease. 

It will be further appreciated that the amount of the compound, or an active salt 

15 or derivative thereof, required for use in treatment will vary not only with the particular 
salt selected but also with the route of administration, the nature of the condition being 
treated and the age and condition of the patient and will be ultimately at the discretion 
of the attendant physician or clinician. 

In general, one of skill in the art understands how to extrapolate in vivo data 

20 obtained in a model organism, such as a KKA-^ mouse, an ob/ob or db/db mouse, to 
another mammal, such as a human. These extrapolations are not simply based on the 
weights of the two organisms, but rather incorporate differences in metabolism, 
differences in pharmacological delivery, and administrative routes. Based on these 
types of considerations, a suitable dose will, in altemative embodiments, typically be in 

25 the range of from about 0.5 to about 100 mg/kg/day, or from about 1 to about 75 mg/kg 
of body weight per day, or from about 3 to about 50 mg per kilogram body weight of 
the recipient per day. 

The compoxind is conveniently administered in imit dosage form; for example, 
in altemative embodiments, containing 0.5 to 1000 mg, 5 to 750 mg, most 

30 conveniently, or 10 to 500 mg of active ingredient per unit dosage form. 

One skilled in the art will recognize that dosage and dosage forms outside these 
typical ranges can be tested and, where appropriate, be used in the methods of this 
invention. 
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In separate embodiments, the active ingredient can be administered to achieve 
peak plasma concentrations of the active compound of from about 0.5 to about 75 jliM, 
about 1 to 50 |LiM, or about 2 to about 30 \xM. This can be achieved, for example, by 
the intravenous injection of a 0.05 to 5% solution of the active ingredient, optionally in 
5 saline, or orally administered as a bolus containing about 0.5-500 mg of the active 

ingredient. Desirable blood levels can be maintained by continuous infusion to provide 
about 0.01-5.0 mg/kg/hr or by intermittent infusions containing about 0.4-15 mg/kg of 
the active ingredients. 

The desired dose can conveniently be presented in a single dose or as divided 
10 doses administered at appropriate intervals, for example, as two, three, four or more 
sub-doses per day. The sub-dose itself can be further divided, e.g., into a number of 
discrete loosely spaced administrations; such as multiple inhalations from an insufflator 
or by application of a plurality of drops into the eye. 

While the invention has been described in connection with specific 
15 embodiments thereof, it will be understood that it is capable of further modifications 
and this application is intended to cover any variations, uses, or adaptations of the 
invention following, in general, the principles of the invention and including such 
departures from the present disclosure as come within known or customary practice 
within the art to which the invention pertains and as can be applied to the essential 
20 features hereinbefore set forth, and as follows in the scope of the appended claims. 

The following examples are given to illustrate the invention and are not 
intended to be inclusive in any manner. 

EXAMPLES 

25 Example 1: 5-[3-(5-Isobutyl-3,3-dimethyl-2,3-dihydro-ben2ofuran-7-yl)-4- 

trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 1." 
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A mixture of toluene (35 mL), piperidine (145 jiL), acetic acid (145 \xL), 3-(5- 
isobutyl-33-dimethyl-2,3-dihydro-benzoftu:an-7-yl)-4-trifluoromethoxy-benzaldehyde 
(5.7 g, 14.53 mmol) and 2,4-thiazolidinedione (1.7 g, 14.53 mmol) was heated at reflux 
for 20 hrs. The reaction mixture was cooled to room temperature, diluted with ethyl 

5 acetate, washed with water and brine, dried over MgS04, filtered and evaporated. The 
residue was chromatographed on silica gel (0 to 20% ethylacetate in hexane) and 
further recrystallised from ethanol/water to afford 5.15 g (72 %) of 5-[3-(5-Isobutyl- 
3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzylidene]- 
thiazolidine-2,4-dione. mp 142-146 "C. 'H-NMR (300 MHz, DMSO-d-6): 0.87 (d, J = 

10 6.9 Hz, 6 H), 1.31 (s, 6 H), 1.81 (m, 1 H), 2.44 (d, J= 6.9 Hz, 2 H), 4.19 (s, 2 H), 6.91 
(d, J = 1.5 Hz, 1 H), 7.07 (d, J = 1.5 Hz, 1 H), 7.58 (d, J= 8.4 Hz, 1 H), 7.70 (dd, Ji = 
8.4 Hz, J2= 2.4 Hz, 1 H), 7.75 (d, /= 2.1 Hz, 1 H), 7.86 (s, 1 H), 12.70 (br s, 1 H). 
The intermediate 3-(5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde was prepared as follows: 

15 a. 3-(5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 

trifluoromethoxy-benzaldehyde. 

A mixture of 3-bromo-4-trifluoromethoxy benzaldehyde (example Ih) (4.24 g, 
15.75 mmol), 5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-boronic acid (4.3 g, 
17.33 mmol) and potassium carbonate (4.35 g, 31.5 mmol) in toluene (39 mL), ethanol 

20 (7.5 mL) and water (2.5 mL) was degassed with argon for 15 minutes. 

Tetrakis(triphenylphosphine)palIadium(0) (0.728 g, 0.63 mmol) was added and 
the mixture heated at reflux under argon for 20 hrs. The solution was cooled to room 
temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 

25 purified on siUca gel (0 to 5% ethyl acetate in hexane) to give 5.76 g of 3-(5-isobutyl- 
3,3-dimethyl-2,3-dihydro-benzofuraji-7-yl)-4-trifluoromethoxy-benzaldehyde(93 %). 
'H NMR (300 MHz; CDCI3): 0.92 (d, J= 6.9 Hz, 6 H), 1.36 (s, 6 H), 1.84 (m, 1 H), 
2.47 (d, J= 7.5 Hz, 2 H), 4.22 (s, 2 H), 6.92 (d, J= 4.8 Hz, 2 H), 7.46 (dd, y = 1.5 Hz 
and 8.7 Hz, 1 H), 7.90 (dd, J= 2.1 Hz and 8.7 Hz, 1 H), 8.03 (d, J= 2.1 Hz, 1 H), 

30 10.03 (s, 1 H). 

b. 5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofliran-7-boronic acid. 
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To a mixture of 7-bromo-5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran (9.9 
g, 34.96 mmol) in THF (50 mL) cooled to -78°C under an atmosphere of argon was 
added w-BuLi (25.17 mL, 2.5 M, 62.93 mmol) dropwise. The reaction mixture was 
stirred for 5 minutes and triisopropylborate (24.2 mL, 104.87 mmol) was added 
5 dropwise. The mixture was stirred at -S&'C for 2 hours then warmed up to room 

temperature and stirred ovemight at room temperature. 1.0 N HCl (100 mL) was slowly 
added to the reaction mixture. After 1 hour the mixture was diluted with ethyl acetate 
and the layers separated. The organic layer was further washed with water, brine, dried 
(MgS04), filtered and evaporated. The residue was chromatographed on silica gel (0 to 
10 20% ethyl acetate in hexane) to give 4.3 g of 5-isobutyl-3,3-dimethyl-2,3-dihydro- 

benzofuran-7-boronic acid (46 %). NMR (300 MHz; CDCL3): 0.90 (d, J= 6.6 Hz, 
6 H), 1.33 (s, 6 H), 1.81 (m, 1 H), 2.43 (d, J= 7.5 Hz, 2 H), 4.28 (s, 2 H), 5.86 (br s, 2 
H), 6.98 (d, J= 2.1 Hz, 1 H), 7.33 (d, 7= 2.1 Hz, 1 H). 

c. 7-bromo-5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran. 

15 To a solution of 5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran (1 .59 g, 7.78 

mmol) in dichloromethane (40 mL) was added pyridinium tribromide (2.49 g, 7.78 
mmol) and the reaction mixture stirred at room temperature ovemight. The solution 
was washed with water and brine, dried (MgS04), filtered and evaporated. The residue 
was purified on sihca gel (0% to 2 % ethyl acetate in hexane) to give 1.51 g of 7- 

20 bromo-5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofiiran (68 %). ^H NMR (300 MHz; 
CDCI3): 5 0.90 (d, J= 6.3 Hz, 6 H), 1.33 (s, 6 H), 1.77 (m, 1 H), 2.39 (d, J= 7.5 Hz, 2 
H), 4.30 (s, 2 H), 6.80 (d, 7= 1.5 Hz, 1 H), 7.05 (d, J = 1.5 Hz, 1 H). 

d. 5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran. 

To a cold solution (0°C) of l-(3,3-dimethyl-2,3-dihydro-benzofiiran-5-yl)-2- 
25 methyl-propan-l-ol (1.97 g, 8.93 mmol) in dry dichloromethane (40 mL) was added 
triethylsilane (2.85 mL, 17.86 mmol). After 10 minutes, trifluoroacetic acid was added 
and the reaction mixture stirred at 0°C for 30 minutes. Water was poured into the 
reaction mixture and the layers separated. The organic layer was fiirther washed with 
water, aqueous NaHCOs and brine, dried (MgS04), filtered and evaporated. The 
30 residue was purified on silica gel (0% to 5 % ethyl acetate in hexane) to give 1 .6 g of 5- 
isobutyl-3,3-dimethyl-2,3-dihydro-benzofiiran (87 %). ^H NMR (300 MHz; CDCI3): 
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5 0.90 (d, J= 6.3 Hz, 6 H), 1.32 (s, 6 H), 1.79 (m, 1 H), 2.40 (d, J= 6.9 Hz, 2 H), 4.20 
(s, 2 H), 6.68 (dd, J= 1.2 Hz and 7.5 Hz, 1 H), 6.87 (m, 2 H). 

e. l-(3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl-^^^ 

To a solution of 5-bromo-3,3-dimethyl-2,3-dihydro-benzofuran (2.03 g, 8.93 
5 mmol) in dry THF (10 mL) at -78°C, under argon, was added dropwise n-BuLi (L6 M 
in hexane, 13.4 nrniol, 8.38 mL). The mixture was stirred for 5 minutes then 
isobutyraldehyde (1 .22 mL, 8.38 mmol) was added and the mixture was slowly warmed 
up to room temperature and stirred ovemight at room temperature. Aqueous ammonium 
chloride was added and the solution extracted with ethylacetate and the organic extract 

10 was dried (MgS04), filtered and evaporated. The residue was purified on silica gel (0% 
to 20 % ethyl acetate in hexane) to give 1 .97 g of l-(33-dimethyl-2,3-dihydro- 
benzofuran-5-yl)-2-methyl-propan-l-ol (100 %). ^H NMR (300 MHz; CDCI3): 5 0.77 
(d, 7= 6.6 Hz, 3 H), 0.90 (d, J= 6.6 Hz, 3 H), 1.33 (s, 6 H), 1.95 (m, 1 H), 4.23 (s, 2 
H), 4.28 (d, J= 7.2 Hz, 2 H), 6.72 (d, 7= 8.4 Hz, 1 H), 7.03 (dd, J = 8.1 Hz and 1.8 

15 Hz, 1 H), 7.06 (d, 7= 1.5 Hz, 1 H). 

f. 5-bromo-3 ,3-dimethyl-2,3 -dihydro-benzofuran. 

A mixture of 4-bromo-2-(2-chloro-l,l-dimethyl-etiiyl)-l-methoxy-benzene (65 
g, 0.234 mol), pyridine hydrochloride (121 .8 g, 1 .054 mol) and quinoline (1 10.67 mL, 
0.936 mol) was refluxed at 164°C-167''C under argon for 5 hrs. After cooling to room 

20 temperature the reaction mixture was treated with ice-cold 6N HCl and extracted twice 
with ether. The organic layers were combined, dried (MgS04), filtered and evaporated. 
The residue was purified on silica gel (10 % ethyl acetate in hexane) to give 52 g of 5- 
bromo-3,3-dimethyl-2,3-dihydro-benzofuran (98 %). ^H NMR (300 MHz; CDCI3): 
5 1.32 (s, 6 H), 4.23 (s, 2 H), 6.67 (d, 7= 8.1 Hz, 1 H), 7.19 (m, 2 H). 

25 g. 4-bromo-2-(2-chloro- 1 , 1 -dimethyl-ethyl)- 1 -methoxy-benzene. 

Sulfuric acid (2 mL, 0.033 mol) was added dropwise under argon to 4- 
bromoanisole (14.6 mL, 0.1 17 mol). The mixture was warmed to 40-43*'C (warm water 
bath) and 3-chloro-2-methyl propene was added dropwise in 4 equal portions over 2 
hrs. After 2 hrs at 40-43°C the solution was diluted with dichloromethane and washed 

30 successively with water, saturated aqueous NaHCOs, water and brine, dried (MgS04), 
filtered and evaporated. The residue was crystallized fi-om hexanes to give 14.1 g of 4- 
bromo-2-(2-chloro- 1,1 -dimethyl-ethyl)- 1 -methoxy-benzene. The mother liquor was 
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further purified on silica gel (10% ethyl acetate in hexane) to afford additional 4.8 g of 
product 58 % yield. NMR (300 MHz; CDCI3): 5 1.43 (s, 6 H), 3.82 (s, 3 H), 3.93 (s, 
2 H), 6,75 (dd, 2.4 Hz and 7.2 Hz, 1 H), 7.32 (m, 2 H). 
h. 3 -bromo-4-trifluoromethoxy benzaldehyde. 
5 To a solution of 4-trifluoromethoxybenzaldehyde (1 50 g, 0.79 mol) in a mixture 

of TFA (400 mL) and H2SO4 (80 mL) was added at 40-45 °C N-bromosuccinimide 
(281 g, 1.579 mol) in equal portion over 2 hours. The reaction mixture was stirred at 
40-45 ^^C ovemight, poured into ice-water and extracted with CH2CI2. The organic layer 
was washed with water then treated with saturated NaHCOa (800 mL) for 30 minutes. 

10 The layers were separated and the organic layer further washed with water and brine, 
dried over MgS04, filtered and evaporated. The residue was triturated with hexane and 
filtered. After evaporation of the solvent, the residue was distilled to give 3-bromo-4- 
trifluoromethoxybenzaldehyde (150.2 g, 60^C, 0.3 mm/Hg, 70 %). ^H NMR (300 
MHz; CDCl3):57.49 (dd,7i= 1,8 Hz and J2 = 8.7Hz, 1 H), 7.88 (dd, Ji=2.1 HzandJa 

15 = 8.4 Hz, 1 H), 8.17 (d, •/= 1.8 Hz, 1 H), 9.97 (s, 1 H). 

Example 2: 5-[3-(5-Isobutyryl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 2." 




Prepared in a similar manner to example 1 using 3-(5-Isobutyryl-3,3-dimethyl- 
2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde. 55% yield after 
crystallization fi-om ethanol. mp 92-96 ""C. ^H-NMR (300 MHz, DMSO-d-6): 1.1 1 (d, J 
= 6.4 Hz, 6 H), 1.37 (s, 6 H), 3.69 (m, 1 H), 4.34 (s, 2 H), 7.63 (d, 7= 8.5 Hz, 1 H), 
25 7.75 (d, J= 8.5 Hz, 1 H), 7.84 (s, 1 H), 7.87 (s, 2 H), 7.93 (s, 1 H), 12.72 (br s, IH). 

The intermediate 3-(5-Isobutyryl-3,3-dimethyI-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde was prepared as follows: 

a. 3-(5-Isobutyryl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde. 
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A mixture of 3-fomiyl-6-trifluoromethoxy-l-phenyl boronic acid (1.27 g, 5.43 
mmol), l-(7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl-pro^ 
(1.35 g, 4.53 mmol) and potassium carbonate (1.25 g, 9.06 mmol) in toluene (15 mL), 
ethanol (3 mL) and water (1.8 mL) was degassed with argon for 30 minutes. 
5 Tetrakis(triphenylphosphine)palladium(0) (105 mg, 0.09 mmol) was added and the 
mixture heated at reflux under argon for 16 hrs. The solution was cooled to room 
temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 
purified on silica gel (10% ethyl acetate in hexane) to give 405 mg of 3-(5-Isobutyryl* 
10 3,3-dimethyl-2,3"dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde (22 %). 
NMR (300 MHz; CDCI3): 1.22 (d, J= 1,5 Hz, 6 H), \A2 (s, 6 H), 3.54 (m, 1 H), 
4.35 (s, 2 H), 7.51 (d, y = 8.7 Hz, 1 H), 7.85 (d, 7- 8.4 Hz, 1 H), 7.96 (d, 7= 7.5 Hz, 1 
H), 8.03 (d, J= 1.8 Hz, 1 H), 10.05 (s, IH). 

b. 3-formyl-6-trifluoromethoxy- 1 -phenyl boronic acid. 

15 To a mixture of 2-(3-bromo-4-trifluoromethoxy-l-phenyl)-l,3-dioxolane (7.20 

g, 22.9 mmol) in THF (70 mL) cooled to -78°C under an atmosphere of argon was 
added n-BuLi (13.8 mL, 2.5 M, 34.4 mmol) dropwise. The resulting suspension was 
stirred for 5 minutes and triisopropylborate (15.9 mL, 68.7 mmol) was added dropwise 
via syringe. The mixture was stirred at -50°C for 2 hours then warmed up to room 

20 temperature and stirred overnight at room temperature. 1 .0 N HCl (50 mL) was slowly 
added to the reaction mixture. After 3 hours the mixture was diluted with ethyl acetate 
and the layers separated, the aqueous layer was extracted once with ethyl acetate and 
the two organic layers combined. The resulting organic layer was washed with water, 
brine and dried (MgS04). The mixture was filtered, evaporated and the residue stirred 

25 in hexane. The resulting white suspension was filtered and the white solid dried imder 
high vacuum to afford 3.00 g of 3-formyl-6-trifluoromethoxy-l-phenyl boronic acid 
(56 %). ^H NMR (300 MHz; CDCL3): 5 7.42 (d, J= 7.0 Hz , 1 H), 8.07 (dd, /i = 2.1 
Hz, J2 = 8.7 Hz, 1 H), 8.47 (d, y= 1.8 Hz , 1 H), 10.05 (s, 1 H). 

c. 2-(3 -bromo-4-trifluoromethoxy- 1 -phenyl)- 1 ,3 -dioxolane. 

30 To a solution of 3-bromo-4-trifluoromethoxybenzaldehyde (20 g, 74.0 mmol) in 

toluene (200 mL) was added ethylene glycol (82.6 mL, 1 .48 mol) and ^p-toluenesulfonic 
acid monohydrate (0.84 g, 4.44 mmol). The reaction mixture was heated at reflux 
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overnight and the water was removed using a Dean Stark apparatus. The solution was 
cooled to room temperature, poured into aqueous potassium carbonate (10%) and 
extracted with ethyl acetate. The organic layer was washed with water, brine and dried 
(MgS04). The residue was purified on silica gel (1 0% ethyl acetate in hexane) to give 
5 1 5.4 g of 2-(3-bromo-4-trifluoromethoxy- 1 -phenyl)- 1 ,3-dioxolane (66 %). NMR 
(300 MHz; CDCI3): 5 4.05 (m, 2 H), 4.1 1 (m, 2 H), 5.79 (s, 1 H), 7.32 (dd, Ji = 1.5 Hz, 
J2 = 8.1 Hz, 1 H),7.43 (dd, Jy = 1.8 Hz, J2 = 8.4 Hz, 1 H),7.77 (d, 7= 2.1 Hz, 1 H). 
d. l-(7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl- 

propan-l-one. 

10 To a solution of AICI3 (1 .5 g, 1 1.32 mmol) in dry dichloromethane (30 mL) was 

added dropwise at room temperature l-(3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2- 
methyl-propan-l-one (989 mg, 4.52 mmol) in dichloromethane (15 mL) followed by 
bromine (0.28 mL, 5.43 mmol) and the reaction stirred for 6 hours. IN HCl was added 
slowly and the layers separated. The aqueous layer was extracted twice with 

1 5 dichloromethane. The combined organic layers were washed successively with aq. 
K2CO3, water and brine, dried over anhydrous magnesiiam sulfate, filtered and 
evaporated to give 1.44 g of l-(7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2- 
methyl-propan-l-one (91 %). ^H NMR (300 MHz; CDCI3): 8 1 .21 (d, J= 6.9 Hz, 6 H), 
1.39 (s, 6 H), 3.47 (m, 1 H), 4.43 (s, 2 H), 7.70 (s, 1 H), 7.95 (s, 1 H). 

20 e. l-(3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl-propan-l-one. 

To a solution of l-(3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl- 
propan-l-ol (example le) (1.13 g, 5.15 nmiol) in dry dichloromethane (20 mL) was 
added at room temperature pyridinium chlorochromate (1. 33 g, 6.18 mmol). The 
reaction mixture was stirred for 2 hours at room temperature then filtered over celite. 

25 Water was added and the layers separated. The aqueous layer was extracted twice with 
dichloromethane. The combined organic layers were washed successively with water 
and brine, dried over anhydrous magnesium sulfate, filtered and evaporated. The 
residue was chromatographed on silica gel (5% ethyl acetate in hexane) to give 530 mg 
of 1 -(3,3-dimethyl-2,3-dihydro-benzofiiran-5-yl)-2-methyl-propan-l -one (47 %). *H 

30 NMR (300 MHz; CDCI3): 6 1.21 (d, J= 7.2 Hz, 6 H), 1.38 (s, 6 H), 3.52 (m, 1 H), 4.32 
(s, 2 H), 6.80 (d, 7.5 Hz, 1 H), 7.80 (m, 2 H). 
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Example 3 : 7-[5-(2,4-Dioxo-thia2olidin-5-ylideneniethyl)-2-trifluoromethoxy- 
phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid methylamide, which 
can be referred to as "Compound 3." 




5 Prepared in a similar manner to example 1 using 7-[5-formyl-2- 

trifluoromethoxy-phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid 
methylamide. 45% yield, mp 227-229 °C. ^H-NMR (300 MHz, DMSO-d-6): 1.35 (s, 6 
H), 2.77 (d, J= 4.4 Hz, 3 H), 4.30 (s, 2 H), 7.63 (dd, Ji = 8,8 Hz, J2 = 1.8 Hz, 1 H), 
7.71 (d, J= 1 .8 Hz, 1 H), 7.74 (dd, Ji = 8.8 Hz, J2 = 2.3 Hz, 1 H), 7.79 (d, J= 2.3 Hz, 1 

10 H), 7.80 (d, J= 2.3 Hz, 1 H), 7.87 (s, 1 H), 8.32 (q, J= 4.7 Hz, 1 H), 12.71 (br s, 1 H). 

The intermediate 7-[5-formyl-2-trifluoromethoxy-phenyl]-3,3-dimethyl-2,3- 
dihydro-benzofuran-5-carboxylic acid methylamide was prepared in a similar manner 
to example 2a using 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid 
methylamide and 3 -formyl-6-trifluoromethoxy-l -phenyl boronic acid (example 2b). 

15 ^H-NMR (300 MHz, (300 MHz; CDCI3): 1.28 (s, 6 H), 3.00 (d, J- 5.4 Hz, 3 H), 4.31 
(s, 2 H), 6.09 (br s, IH), 7.51 (m, 2 H), 7.55 (s, 1 H), 7.66 (s, 1 H), 7.95 (d, Ji = 8.7 Hz, 
J2 = 2.1 Hz, 1 H), 8.01 (d, J= 2.1 Hz, 1 H), 10.03 (s, 1 H), 

a. 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid 
methylamide. 

20 To a solution of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic 

acid (4.99 g, 18.41 mmol) in dry THF (40 mL) was added at room temperature 
thionychloride (2 mL, 27.61 mmol) and DMF (0.14 mL, 1.84 mmol). The reaction 
mixture was stirred 1 hr then methylamine hydrochloride (2.48 g, 36.82 mmol) was 
added followed by slow addition of pyridine (4.5 mL, 55.23 mmol). The reaction 

25 mixture was stirred overnight then water and ethyl acetate were added. The layers were 
separated. The aqueous layer was extracted twice with ethyl acetate. The combined 
extracts were washed successively with water and brine, dried over anhydrous 
magnesium sulfate, filtered and evaporated. The residue was chromatographed on silica 
gel (50% to 100% ethyl acetate in hexane, then 40% MeOH in Ethyl acetate) to give 
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1.17 g of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofiiran-5-carboxylic acid 
methylamide (22 %). NMR (300 MHz; CDCI3): 1.36 (s, 6 H), 2.99 (d, J= 4.5 Hz, 3 
H), 4.39 (s, 2 H), 6.25 (br s, 1 H), 7.54 (d, J = 1.5 Hz, 1 H), 7.70 (d, J = 1.5 Hz, 1 H). 

b. 7-bromo-3 ,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid. 

5 A solution of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carbaldehyde 

(14.61 g, 57.29 mmol) in acetone (80 mL) was added at room temperature to KMn04 
(9.05 g, 57.29 mmol) dissolved in water (200 mL), The reaction mixture was stirred at 
room temperature overnight filtered over celite then H2SO4 in water was added and the 
solution extracted with ethyl acetate. The organic layer was further washed with water 
10 and brine, dried over anhydrous magnesium sulfate, filtered and evaporated to give 9.9 
g of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid (64%). ^H NMR 
(300 MHz; CDCI3): 1.40 (s, 6 H), 4.44 (s, 2 H), 7.79 (s, 1 H), 8.13 (s, 1 H). 

c. 7-bromo-3,3-dimethyl-2,3-dihydro-benzofiiran-5-carbaldehyde. 

To a solution of AICI3 (1.22 g, 9.18 mmol) in dry dichloromethane (15 mL) was 
1 5 added dropwise at room temperature 3,3-dimethyl-2,3-dihydro-benzofiiran-5- 

carbaldehyde (647 mg, 3.67 mmol) in dichloromethane (15 mL) followed by bromine 
(0.23 mL, 4.41 mmol) and the reaction stirred for 3 hours. IN HCl was added slowly 
and the layers separated. The aqueous layer was extracted twice with dichloromethane. 
The combined organic layers were washed successively with water and brine, dried 
20 over anhydrous magnesixmi sulfate, filtered and evaporated. The residue was 

chromatographed on silica gel (20% ethyl acetate inhexane) to give 856 mg of 7- 
bromo-3,3-dimethyl-2,3-dihydro-benzofiiran-5-carbaldehyde (91 %). NMR (300 
MHz; CDCI3): 1.40 (s, 6 H), 4.46 (s, 2 H), 7.61 (s, 1 H), 7.83 (s, 1 H), 9.80 (s, 1 H). 

d. 3,3-dimethyl-2,3-dihydro-benzofiiran-5-carbaldehyde. 

25 To a solution of 5-bromo-3,3-dimethyl-2,3-dihydro-benzofiiran (example 1 f) 

(15.90 g, 70.01 mmol) in dry THF (100 mL) at -78''C, under argon, was added 
dropwise n-BuLi (1.6 M in hexane, 105 mmol, 42 mL). The mixture was stirred for 5 
minutes then DMF (16.3 mL, 210 nmiol) was added and the mixture was quickly 
wamied up to -50''C and then to 0°C for 3 hrs. Water was added slowly and the 

30 solution extracted with ethyl acetate. The organic layer was fiirther washed with water, 
brine, dried (MgS04), filtered and evaporated to give 13.15 g of 3,3-dimethyl-2,3- 
dihydro-ben2ofiiran-5-carbaldehyde use as this in the next step. 'H NMR (300 MHz; 
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CDCI3): 1.38 (s, 6 H), 4.36 (s, 2 H), 6.89 (d, J = 7.8 Hz, 1 H), 7.68 (m, 2 H), 9.85 (s, 1 
H). 



Example 4: 7-[5-(2,4-Dioxo-thiazolidin-5-ylideneniethyl)-2-trifluoromethoxy- 
5 phenyl]-33-diinethyl-2,3-dihydro-benzofuran-5-carboxylic acid dimethylamide, which 
can be referred to as "Compoxmd 4." 




Prepared in a similar manner to example 1 using 7-[5-formyl-2- 
trifluoromethoxy-phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid 

10 dimethylamide. 25% yield, mp 268-272 °C. IH-NMR (300 MHz, DMSO-d-6): 1.35 (s, 
6 H), 2.98 (s, 6 H), 4.28 (s, 2 H), 7.23 (d, 1.8 Hz, 1 H), 7.40 (d, J= 1.8 Hz, 1 H), 
7.62 (dd, J= 8.5 Hz and J- 1.5 Hz, 1 H), 7.73 (dd, /= 8.8 Hz and 2.3 Hz, 1 H), 
7.79 (d, J= 2.3 Hz, 1 H), 7.87 (s, 1 H), 12.71 (br s, 1 H). 

The intermediate 7-[5-formyl-2-trifluoromethoxy-phenyl]-3,3-dimethyl-2,3- 

15 dihydro-benzofuran-5-carboxylic acid dimethylamide was prepared as followed: 
a. 7-[5-formyl-2-trifluoromethoxy-phenyl]-3,3-dimethyl-2,3-dihydro- 
benzofiiran-5-carboxylic acid dimethylamide. 

To a solution of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic 
acid dimethylamide (437 mg, 1 .46 mmol) in dioxane (4 mL), were added under argon, 

20 triethylamine (0.82 mL, 5.86 mmol), Pd(OAc)2 (16 mg, 0.07 mmol), 2- 

(dicyclohexylphosphino)biphenyl (103 mg, 0.29 mmol) and pinacolborane (0.64 mL, 
4.40 mmol) dropwise. The mixture was heated at 80°C under argon for 2 hrs then 
cooled to room temperature. Water (0.5 mL) was added dropwise, then Ba(OH)2.8H20 
( 1.38 g, 4.40 mmol) followed by 3-bromo-4-trifluoromethoxy benzaldehyde (example 

25 Ih) (473 mg, 1 .76 mmol) dissolved in dioxane (1 .2 mL). The mixture was refluxed for 
4 hours then cooled to room temperature, diluted with ethyl acetate and filtered over 
celite. The solution was further washed with water and brine, dried over anhydrous 
magnesium sulfate, filtered and evaporated. The residue was purified on silica gel (5% 
methanol in dichloromethane) to give 264 mg of 7-[5-formyl-2-trifluoromethoxy- 
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phenyl]-3,3-dimetiiyl-2,3-dihydro-benzofuran-5-carboxylic acid dimethylamide 
(containing 50% of 3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid 
dimethylamide as deteraiined by NMR) use as this in the next step. 

b. 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid 
5 dimethylamide. 

Prepared in a similar manner to example 3a using 7-bromo-3,3-dimethyl-2,3- 
dihydro-benzofuran-5-carboxylic acid (example 3b) and dimethylamine hydrochloride. 
45% yield. NMR (300 MHz; CDCI3): 1.36 (s, 6 H), 3.05 (br s, 6 H), 4.37 (s, 2 H), 
7.16 (d,/= 1.5 Hz, 1 H), 7.38 (d,J= 1.5 Hz, 1 H). 

10 

^ Example 5: 5-[3-(3,3-Dimethyl-5-propionyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 5." 




15 Prepared in a similar manner to example 1 using 3-(3,3-dimethyl-5-propionyl- 

2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde, 74% yield, mp 105- 
108 °C. ^H-NMR (300 MHz, DMSO-d-6): 1.09 (t, J = 7.3 Hz, 3 H), 1.37 (s, 6 H), 3.03 
(q, J = 7.3 Hz, 2 H), 4.34 (s, 2 H), 7.63 (dd, Ji = 8.8 Hz , /2 = 1.8 Hz, 1 H), 7.74 (dd, Ji 
= 8.8 Hz, J2 = 23 Hz, 1 H), 7.83 (d, J= 2.3 Hz, 1 H), 7.86 (d, J= 1.8 Hz, 1 H), 7.88 (s, 

20 1 H), 7.92 (d, J- 1.8 Hz, 1 H), 12.72 (br s, 1 H). 

The intermediate 3-(3,3-dimethyl-5-propionyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde was prepared as followed: 

a. 3-(3,3-dimethyl-5-propionyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde. 

25 A mixture of 1 -[3,3-dimethyl-7-(4,4,5,5-tetramethyl-[l ,3,2]dioxaborolan-2-yl)- 

2,3-dihydro-benzoftiran-5-yl]-propan-l-one (1.33 g, 4.05 mmol), 
3-bromo-4-trifluoromethoxybenzaldehyde (example Ih) (1.09 g, 4.05 mmol) and 
potassium carbonate (1.12 g, 8.10 mmol) in toluene (12 mL), ethanol (2.4 mL) and 
water (1.5 mL) was degassed with argon for 30 minutes. 
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Tetrakis(triphenylphosphme)palladium(0) (234 mg, 0.20 mmol) was added and the 
mixture heated at reflux under argon for 19 hrs. The solution was cooled to room 
temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 
5 purified on sUica gel (10% ethyl acetate in hexane) to give 1.17 g of 3-(3,3-dimethyl-5- 
propionyl-2,3-dihydro-benzofiiran-7-yl)-4-trifluoromethoxy-benzaldehyde (50 %). 
NMR (300 MHz; CDCI3): 1.23 (t, J= 7.2 Hz, 3 H), 1.42 (s, 6 H), 2.99 (q, 7= 7.2 Hz, 2 
H), 4.34 (s, 2 H), 7.52 (dd, Ji = 7.2 Hz, J2 = 1.8 Hz, 1 H), 7.84 (d, 2.1 Hz, 1 H), 7.85 
(d, /= 2.13 Hz, 1 H), 7.96 (dd, Jx= 8.4 Hz, ^2= 2.1 Hz, 1 H), 8.03 (d, J= 2.1 Hz, 1 H), 

10 10.05 (s, 1 H). 

b. l-[3,3-dimethyl-7-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)-2,3- 

dihy dro-benzofiiran- 5 -y 1] -propan- 1 -one. 

To a solution of l-(7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)- 
propan-l-one (1.69 g, 5.99 nrniol) in dioxane (16 mL), were added under argon, 

15 triethylamine (3.34 mL, 23.96 mmol), Pd(OAc)2 (67 mg, 0.30 nrniol), 2- 

(dicyclohexylphosphino)biphenyl (420 mg, 1.20 mmol) and pinacolborane (2.61 mL, 
17.97 mmol) dropwise. The mixture was heated at 85''C under argon for 1 .5 hrs then 
cooled to room temperature. Water (0.5 mL) was added dropwise followed by 
saturated aqueous NH4CI solution. The solution was extracted with ethyl acetate then 

20 washed successively with water and brine, dried over anhydrous magnesium sulfate, 
filtered and evaporated. The residue was purified on silica gel (10% to 20% ethyl 
acetate in hexane) to give 1.34 g of l-[3,3-dimethyl-7-(4,4,5,5-tetramethyl- 
[l,3,2]dioxaborolan-2-yl)-2,3-dihydro-benzofuran-5-yl]-propan-l-one. 

c. 1 -(7-bromo-3 ,3 -dimethyl-2,3 -dihydro-benzofuran-5-yl)-propan- 1 -one. 
25 To a solution of AICI3 (2.42 g, 18.18 mmol) in dry dichloromethane (30 mL) 

was added dropwise at room temperature l-(3,3-dimethyl-2,3-dihydro-ben2ofixran-5- 
yl)- propan-l-one (1.48 g, 7.27 mmol) in dichloromethane (30 mL) followed by 
bromine (0.45 mL, 8.72 mmol) and the reaction stirred for 12 hours at room 
temperature. IN HCl was added slowly and the layers separated. The aqueous layer 
30 was extracted twice with dichloromethane. The combined organic layers were washed 
successively witii water, aq. NaHCOs, water and brine, dried over anhydrous 
magnesium sulfate, filtered and evaporated to give 1.7 g of l-(7-bromo-3,3-dimethyl- 
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2,3-dihydro-benzofuran-5-yl)-l-propan-l-one (83 %). 'H NMR (300 MHz; CDCI3): 5 
1.21 (t, J = 7.2 Hz, 3 H), 1.39 (s, 6 H), 2.92 (q, J = 7.2 Hz, 2 H), 4.42 (s, 2 H), 7.70 (s, 1 
H), 7.96 (s, 1 H). 

d. l-(3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-propan-l-one. 

5 To a solution of 1 -(3,3-dimetliyl-2,3-dihydro-benzofuran-5-yl)-propan-l -ol (2.6 

g, 12.60 nunol) in dry dichloromethane (40 mL) was added at room temperature 
pyridinium chlorochromate (3 g, 13.86 mmol). The reaction mixture was stirred for 1 
hour at room temperature then filtered over celite. Water was added and the layers 
separated. The aqueous layer was extracted twice with dichloromethane. The combined 

10 organic layers were washed successively with water and brine, dried over anhydrous 

magnesium sulfate, filtered and evaporated. The residue was chromatographed on siUca 
gel (5% ethyl acetate in hexane) to give 530 mg of l-(3,3-dimethyl-2,3-dihydro- 
benzofiaran-5-yl)-propan-l-one (58 %). 'H NMR (300 MHz; CDCI3): 5 1.21 (t, J = 7.2 
Hz, 3 H), 1.37 (s, 6 H), 2.94 (q, 7= 7.2 Hz, 2 H), 4.32 (s, 2 H), 6.80 (d, 8.4 Hz, 1 

15 H), 7.79 (s, 1 H), 7.81 (d, J= 8.4 Hz, 1 H). 

e. l-(3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-propan-l -ol. 
Prepared in a similar manner to example le using 5-bromo-3,3-dimethyl-2,3- 

dihydro-benzofiiran (example If) and propionaldehyde. (92 %). 'H NMR (300 MHz; 
CDCI3): 5 0.91 (t, J= 7.5 Hz, 3 H), 1.33 (s, 3 H), 1.34 (s, 3 H), 1.77 (m. 4 H), 4.23 (s, 2 
20 H), 4.54 (t, J= 6.9 Hz, 1 H), 6.73 (d, 8.1 Hz, 1 H), 7.07 (dd, J= 7.8 Hz and 1 .8 
Hz, 1 H), 7.10 (d, J= 1.5 Hz, 1 H). 



Example 6: 5-[2,5-Difluoro-3-(5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofiiran-7-yl)- 
4-methoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
25 "Compound 6." 




Prepared in a similar manner to example 1 using 2,5-Difluoro-3-(5-isobutyl-3,3- 
dimethyl-2,3-dihydro-benzofuran-7-yl)-4-methoxy-benzaldehyde. mp 165-168 °C. IH- 
NMR (300 MHz, CDC13): 0.91 (d, J= 6.6 Hz, 6 H), 1.36 (s, 3 H), 1.37 (s, 3 H), 1.82 
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(m, 1 H), 2.44 (d, y = 6.9 Hz, 2 H), 3.90 (2 s, 3 H), 4.22 (2 s, 2 H), 6.83 (s, 1 H), 6.94 
(d, y = 6.9 and 12 Hz, 1 H), 8.01 (s, 1 H), 8.29 (br s, 1 H). 

The intermediate 2,5-Difluoro-3-(5-.isobutyl-3,3-dimethyl-2,3-dihydro- 
benzofuran-7-yl)-4-methoxy-benzaldehyde was prepared in a similar manner as in 
5 example 1 a using 5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-boronic acid 
(example lb) and 2,5-difluoro-3-iodo-4-methoxy-benzaldehyde 

Example?: 5-[4-Dimethylamino-3-(5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofura^^ 
7-yl)-benzylidene]-thiazolidine-2,4-dione, which can be referred to as "Compound 7." 




Prepared in a similar manner to example 1 using 4-Dimethylamino-3-(5- 
isobutyl-3,3-dimethyl-.2,3-dihydro-benzofuran-7-yl)-benzaldehyde. mp 205-207 ""C. 
^H-NMR (300 MHz, DMSO-d-6): 0.88 (d, J= 6.6 Hz, 6 H), 1.31 (s, 6 H), 1.79 (m, 1 
H), 2.42 (d, J= 6.9 Hz, 2 H), 2.62 (s, 6 H), 4.18 (s, 2 H), 6.91 (d, J= 1.8 Hz, 1 H), 6.95 

15 (d, 1.5 Hz, 1 H), 7.02 (d, J= 8.57Hz, 1 H), 7.37 (d, /= 2.4 Hz, 1 H), 7.44 (dd, Ji = 
2.4 Hz, J2 = 8.7 Hz, 1 H), 7.70 (s, 1 H), 12.41 (br s, 1 H). 

The intermediate 4-Dimethylamino-3-(5-isobutyl-3,3-dimethyl-2,3-dihydro- 
benzofuran-7-yl)-benzaldehyde was prepared in a similar manner as in example 2a 
usingl-(7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl-propan-l^ 

20 (example 2d) and 2-dimethylaniino-5-formyl- 1 -phenylboronic acid. 

Examples: 7-[5-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoromethoxy- 
phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid methyl ester, which 
can be referred to as "Compound 8." 
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Prepared in a similar manner to example 1 using 7-(5-formyl-2- 
trifluoromethoxy-phenyl)-3,3-dimethyl-23-dihydro-benzofuran-5-carboxylic acid 
methyl ester, mp 307-310 ^C. ^H-NMR (300 MHz, DMSO-d-6): 1.36 (s, 6 H), 3.83 (s, 
3 H), 4.35 (s, 2 H), 7.63 (dd, Jx = 8.5 Hz, 72= 1.5 Hz, 1 H), 7.75 (dd, Ji = 8.8 Hz, J2 = 
5 2.3 Hz, 1 H), 7,81 (d, 7= 1.8 Hz, 1 H), 7.82 (d, J= 2.3 Hz, 1 H), 7.87 (s, 1 H), 7.88 (d, 
y= 1.8 Hz, 1 H), 12,72 (br s, 1 H). 

The intermediate 7-(5-formyl-2-trifluoromethoxy-phenyl)-3,3-dimethyl-2,3- 
dihydro-benzoftiran-5-carboxylic acid methyl ester was prepared in a similar manner to 
example 2a using 7-bromo-3,3-dimethyl"2,3-dihydro-benzofuran-5-carboxylic acid 
10 methyl ester and 3-formyl-6-trifluoromethoxy-l-phenyl boronic acid (example 2b), 

72% yield. ^H-NMR (300 MHz, CDCI3): 1.41 (s, 3 H), 3.90 (s, 3 H), 4.33 (s, 2 H), 7.48 
(d, y = 8.7 Hz, 1 H), 7.87-8.01 (m, 4 H), 10.04 (s, 1 H). 

Example 9: 5-[3-(5-Furan-3-yl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
1 5 trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compoxmd 9." 



Prepared in a similar manner to example 1 using 3-(5-Furan-3-yl-3,3-dimethyl- 
2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde. 68% yield. IH-NMR 
20 (300 MHz, DMSO.d-6): 1.34 (s, 6 H), 4.21 (s, 2 H), 6.94 (m,l H), 7.38 (d, 7= 1.8 Hz, 
1 H), 7.54 (d, J= 1.8 Hz, 1 H), 7.59 (m, 2 H), 7.79 (d, J= 2.4 Hz, 1 H), 7.85 (s, 1 H), 
12.68 (brs, 1 H). 

The intermediate 3-(5-Furan-3-yl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde was prepared as followed: 
25 a. 3-(5-Furan-3-yl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 

trifluoromethoxy-benzaldehyde. 

A mixture of 3-(5-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde (580 mg, 1.40 mmol), 3-furanboronic acid (316 mg, 2.8 
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mmol) and potassium carbonate (387 mg, 2.8 mmol) in DME (10 mL) and water (1 
mL) was degassed with argon for 15 minutes. 

Tetrakis(triphenylphosphine)palladium(0) (81 mg, 0.07 mmol) was added and 
the mixture heated at reflux xmder argon for 20 hrs. The solution was cooled to room 
5 temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 
purified on silica gel (10% ethyl acetate in hexane) to give 148 mg of 3-(5-Furan-3-yl- 
3 ,3 -dimethy 1-2,3 -dihydro-benzofiiran-7-yl)-4-trifluoromethoxy-benzaldehyde (26 %). 
NMR (300 MHz; CDCI3): 1.41 (s, 6 H), 4.28 (s, 2 H), 6.67 (m,l H), 7.26 (m, 2 H), 
10 7.50 (m, 2 H), 7.68 (m, 2 H), 7.93 (dd, Ji= 2.4 Hz , ^2= 8.5 Hz , 1 H), 8.05 (d, J= 2 Hz, 
1 H), 10.05 (s, 1 H). 

b. 3-(5-bromo-3 ,3 -dimethyl-2,3 -dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde. 

A mixture of 5-bromo-7-iodo-3,3-dimethyl-2,3-dihydro-benzofuran (2.85 g, 
15 8.07 mmol), 3-formyl-6-trifluoromethoxy-l -phenyl boronic acid (1 .72 g, 7.34 mmol) 
and potassium carbonate (2.03 g, 14.7 mmol) in toluene (25 mL), ethanol (5 mL) and 
water (3 mL) was degassed with argon for 20 minutes. 

Tetrakis(triphenylphosphine)palladium(0) (844 mg, 0.73 mmol) was added and the 
mixture heated at reflux under argon for 21 hrs. The solution was cooled to room 

20 temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 
purified on silica gel (10% ethyl acetate in hexane) to give 585 mg of 3-(5-bromo-3,3- 
dimethyl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde (19 %). ^H 
NMR (300 MHz; CDCI3): 1 .39 (s, 6 H), 4.26 (s, 2 H), 7.28 (m, 2 H), 7.51 (m, 2 H), 

25 7.92-7.98 (m, 2H), 10.04 (s, 1 H). 

c. 5-bromo-7-iodo-3,3-dimethyl-2,3-dihydro-benzofuran. 
5-Bromo-3,3-dimethyl-2,3-dihydro-benzofuran (example If) (10 g, 44 mmol) 

was dissolved in glacial acetic acid (40 mL), iodine monochloride (10.86 g, 66.9 mmol) 
was added and the reaction mixture was heated at reflux for 72 hours then cooled to 
30 0°C, and IN NaOH was slowly added until pH = 8 followed by Na2C03 until the 
solution become colorless. The solution was extracted with ethyl acetate and the 
organic layer further washed with water and brine, dried over anhydrous magnesium 
sulfate, filtered and evaporated. The residue was purified on silica gel (10% ethyl 
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acetate in hexane) to give 8.7 g of 5-bromo-7-iodo-353-dimethyl-2,3-dihydro- 
benzofuran (56 %). NMR (300 MHz; CDCI3): 1.34 (s, 6 H), 4.32 (s, 2 H), 7.13 (d, J 
= 2 Hz, 1 H), 7.58 (d, J = 2 Hz, 1 H). 

5 Example 10: 2-[3,3-Dimethyl-7-(2-trifluoromethoxy-5-vinyl-phenyl)-2,3-dihydro- 

benzofuran-5-ylmethoxy]-ethanol; compoimd with thiazolidine-2,4-dione, which can be 
referred to as "Compound 10." 




Prepared in a similar manner to example 1 using 3-[5-(2-Hydroxy- 
1 0 ethoxymethyl)-3 ,3 -dimethyl-2,3-dihydro-benzofuran-7-yl] -4-trifluoromethoxy- 

benzaldehyde. 75% yield , mp 166-169 ''C. ^H-NMR (300 MHz, DMSO-d-6): 1.33 (s, 6 
H), 3.50 (m, 4 H), 4.22 (s, 2 H), 4.46 (s, 2 H), 4.64 (m, 1 H), 7.12 (s, 1 H), 7.27 (s, 1 
H), 7.60 (d, J= 8.8 Hz, 1 H), 7.72 (d,y= 8.8 Hz, 1 H), 7.75 (s, 1 H), 7.86 (s, 1 H), 
12.70 (brs, 1 H). 

1 5 The intermediate 3 -[5-(2-Hydroxy-ethoxymethyI)-3 ,3-dimethyI-2,3-dihydro- 

benzofuran-7-yl]-4-trifluoromethoxy-benzaldehyde was prepared as follows: 

a. 3-[5-(2-Hydroxy-ethoxymethyl)-3,3-dimethyl-2,3-dihydro-benzofuran- 
7-yl]-4-trifluoromethoxy-benzaldehyde. 

A mixture of 2-[7-(5-[l,3]dioxolan-2-yl-2-trifluoromethoxy-phenyl)-3,3- 
20 dimethyl-2,3"dihydro-benzofuran-5-ylmethoxy]-ethanol (393 mg, 0.89 mmol) and IN 
HCl (9 mL) in tetrahydrofiiran (4 mL) was stirred for 1 hour at room temperature. The 
mixture was diluted with ethyl acetate and the layers were separated. The aqueous layer 
was neutralized with an aqueous solution of sodixmi bicarbonate and the mixture was 
extracted with ethyl acetate. The organic combined extract was further washed with 
25 water, brine, dried (MgS04), filtered and evaporated. The residue was used as this in 
the next step. ^H-NMR (300 MHz, CDCI3): L39 (s, 6 H), 1.97 (t, J= 6.2 Hz, 1 H), 3.63 
(t, y = 4.4 Hz, 2 H), 3.79 (m, 2 H), 4.26 (s, 2 H), 4.54 (s, 2 H), 7.15 (d, J= 8.5 Hz, 2 H), 
7.49 (d, y = 8.8 Hz, 1 H), 7.91 (dd, Jx = 8.8 Hz, J2 = 2.1 Hz, 1 H), 8.02 (d, J= 2.1 Hz, 1 
H), 10.03 (s, 1 H). 
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b. 2-[7-(5-[ 1 ,3]Dioxolan-2-yl-2-trifluoromethoxy-phenyl)-3,3-dimethyl- 
2,3-dihydro-benzofuran-5-ylmethoxy]-ethanol. 

A mixture of 3<5-hydroxymethyl-3,3-dimethyl-2,3-dihydro-ben2ofuran-7-y 
4-trifluoromethoxy-benzaldehyde (L76 g, 4.82 mmol) and 12N HCl (12 mL) in toluene 
5 (45 mL) was heated at reflux for 1 hour. The solution was cooled to room temperature 
and the layers were separated. The aqueous layer was extracted twice with ethyl 
acetate. The organic combined extract was washed with water, brine, dried (MgS04), 
filtered and evaporated. To the residue obtained (3-[5-chloromethyl-3,3-dimethyl-2,3- 
dihydro-benzofuran-7-yl)-4-trifluoromethoxy-ben2aldehyde), diluted in toluene (20 

10 mL), were added ethylene glycol (2.5 mL, 44.34 nraiol) and p-toluenesulfonic acid 

monohydrate (0.44 mmol, 84 mg). The mixture was heated at reflux overnight using a 
Dean Stark apparatus. The solution was cooled to room temperature, poured into an 
aqueous solution of sodium bicarbonate, and extracted with ethyl acetate. The organic 
combined extract was washed with water, brine, dried (MgS04), filtered and 

15 evaporated. The residue was chromatographed on silica gel (50% ethyl acetate in 

hexane) to afford 830 mg of 2-[7-(5-[l,3]dioxolan-2-yl-2-trifluo^omethoxy-phenyl)- 
3,3-dimethyl-2,3-dihydro-benzofuran-5-ylmethoxy]-ethanol. 38% yield. ^H-NMR (300 
MHz, CDCI3): 1.37 (s, 6 H), 1.99 (t, J= 6.2 Hz, 1 H), 3.62 (t, 7 = 4.5 Hz, 2 H), 3.78 (m, 
2 H), 4.02-4.15 (m, 4 H), 4.24 (s, 2 H), 4.53 (s, 2 H), 5.86 (s, 1 H), 7.1 1 (d, J= 8.5 Hz, 

20 2 H), 7.34 (d, 7= 8.5 Hz, 1 H), 7.49 (d, J= 8.5 Hz, 1 H), 7.58 (s, 1 H). 

c. 3-(5-Hydroxymethyl-3,3-dimethyl-2,3-dihydro-benzofiiran-7-yl)-4- 
trifluoromethoxy-benzaldehyde. 

The intermediate 3-(5-hydroxymethyl-3,3-dimethyl-2,3-dihydro-benzofiiran-7- 
yl)-4-trifluoromethoxy-benzaldehyde was prepared in a similar manner to example la 

25 using [3,3-dimethyl-7-(4,4,5,5-tetramethyl-[U3,2]dioxaboroIan-2-yl)-2,3-dihydro- 

benzofuran-5-yl]-methanol and 3-bromo-4-trifluoromethoxy benzaldehyde. 59% yield. 
^H-NMR (300 MHz, CDCI3): 1.39 (s, 6 H), 1.71 (m, 1 H), 4.26 (s, 2 H), 4.68 (s, 2 H), 
7.14 (d, 7= 2.3 Hz, 1 H), 7.21 (d, J= 1.5 Hz, 1 H), 7.49 (dd, Ji = 8.5 Hz, J2 = 1.5 Hz, 1 
H), 7.91 (dd, Ji = 8.5 Hz, J2 = 2.1 Hz, 1 H), 8.01 (d, J= 2.3 Hz, 1 H), 10.03 (s, 1 H). 

30 d. [3,3-Dimethyl-7-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)-2,3- 

dihydro-benzofuran-5-yl]-methanol. 

The intemiediate [3,3-dimethyl-7-(4,4,5,5-tetramethyl-[l ,3,2]dioxaborolan-2- 
yl)-2,3-dihydro-benzofuran-5-yl]-methanol was prepared in a similar manner to 
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example 5b using 7-bromo-3,3-dimethyl-2,3-dihydro-ben2ofuran-5-carbaldehyde 
(example 3c). 55% yield. ^H-NMR (300 MHz, CDCI3): 1.33 (s, 6 H), 1.36 (s, 12 H), 
1.55 (m, 1 H), 4.33 (s, 2 H), 4.61 (br s, 2 H), 7.23 (d, /= 2.1 Hz, 1 H), 7.52 (d, 7= 8.5 
Hz, 1 H). 

5 e. 3-[5-CWoromethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 

trifluoromethoxy-benzaldehyde. 

'H-NMR (300 MHz, CDCI3): 1.40 (s, 6 H), 4.28 (s, 2 H), 4.63 (s, 2 H), 7.20 (m, 
2 H), 7.50 (d, y = 8.5 Hz, 1 H), 7.93 (dd, Ji = 8.5 Hz, ^2 = 2.1 Hz, 1 H), 8.02 (d, J= 2.1 
Hz, 1 H), 10.04 (s, 1 H). 

10 

Example 11: 5-[3-(5-Methoxymethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 11." 




15 Prepared in a similar manner to example 1 using 3-(5-Methoxymethyl-3,3- 

dimethyl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde. 78% yield, 
mp 148-151 ^'C. ^H-NMR (300 MHz, CDCI3): 1.40 (s, 6 H), 2.11 (s, 3 H), 4.28 (s, 2 H), 
5.09 (s, 2 H), 7.17 (s, 2 H), 7.44 (d, 7= 8.8 Hz, 1 H), 7.51 (dd, Ji = 8.8 Hz, Ji^l.l Hz, 
1 H), 7.65 (d,y= 2.1 Hz, 1 H), 7.86 (s, 1 H), 8.44 (br s, 1 H). 

20 The intermediate 3-(5-Methoxymethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7- 

yl)-4-trifluoromethoxy-benzaldehyde was prepared as follows: 

a. 3-(5-Methoxymethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 

trifluoromethoxy-benzaldehyde. 

To a cold solution (0°C) of sodium hydride in tetrahydrofiiran (4 mL), under an 
25 atmosphere of argon, was added 3-(5-hydroxymethyl-3,3-dimethyl-2,3-dihydro- 
benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde (example 10c) (246 mg, 0.67 
mmol) in tetrahydrofiiran (6 mL). The mixture was stirred at 0°C for 15 minutes, then 
the argon flow was stopped and methyl iodide was added. After 3 hours at room 
temperature, the mixture was diluted with ethyl acetate. Water was slowly added and 
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the layers separated. The organic layer was further washed with water, brine, dried 
(MgS04), filtered and evaporated. The residue was chromatographed on silica gel (20% 
ethyl acetate in hexane) to afford 99 mg of 3-(5-Methoxymethyl-3,3-dimethyl-2,3- 
dihydro-benzofiiran-7-yl)-4-trifluoromethoxy-benzaldehyde. 39% yield. ^H-NMR (300 
5 MHz, CDCI3): 1.39 (s, 6 H), 2.11 (s, 3 H), 4.27 (s, 2 H), 5.09 (s, 2 H), 7.17 (s, 2 H), 
7.49 (d, J= 8.5 Hz, 1 H), 7.93 (dd, Ji = 8.5 Hz, J2 = 2.1 Hz, 1 H), 8.02 (d, /= 2.1 Hz, 1 
H), 10.03 (s, 1 H). 

Example 12: 7-[5-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoromethoxy- 
10 phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid, which can be referred 
to as "Compound 12." 



Prepared in a similar manner to example 1 using 7-(5-fomiyl-2- 
trifluoromethoxy~phenyl)-3 ,3-dimethyl-2,3-dihydro-ben2ofliran-5-carboxylic acid. 35% 

15 yield, mp 223-226 °C. ^H-NMR (300 MHz, DMSO-d-6): 1 .36 (s, 6 H), 4.33 (s, 2 H), 
7.62 (d, y = 8.5 Hz, 1 H), 7.74 (d, 7= 8.5 Hz, 1 H), 7.80 (d, J= 5.3 Hz, 2 H), 7.86 (s, 2 
H), 12.71 (br s, 1 H), 12.77 (br s, 1 H). 

The intermediate 7-(5-formyl-2-trifluoromethoxy-phenyl)-3,3-dimethyl-2,3- 
dihydro-benzofuran-5-carboxylic acid was prepared as follows: 

20 a. 7-(5-Formyl-2-trifluoromethoxy-phenyl)-3 ,3 -dimethyl-2,3 -dihydro- 

benzofuran-5-carboxylic acid. 

A mixture of 7-(5-Fomiyl-2-trifluoromethoxy-phenyl)-3, 3 -dimethyl-2,3 - 
dihydro-benzofuran-5-carboxylic acid methyl ester (1.76 g, 4.82 mmol) (example 8) 
and 5N potassium hydroxide (2 mL) in methanol (20 mL) was heated at reflux for 1 

25 hour. The solvent was then evaporated. The mixture was diluted with water and washed 
twice with diethyl ether. The aqueous layers were acidified with IN HCl and extracted 
twice with ethyl acetate. The organic combined extract was further washed with water, 
brine, dried (MgS04), filtered and evaporated. The residue was chromatographed on 
silica gel (30% ethyl acetate in hexane) to afford 112 mg of 7-(5-formyl-2- 




F 



O 



OH 
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trifluoromethoxy-phenyl)-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxyn acid. 10% 
yield. 'H-NMR (300 MHz, CDCI3): 1.43 (s, 6 H), 4.36 (s, 2 H), 7.51 (d, J= 8.2 Hz, 1 
H), 7.92-8,04 (m, 4 H), 10.05 (s, 1 H), 

5 Example 13: 5-[3-(5-Dimethylaminome1hyl-3,3-dimethyl-2,3-dihydro-benzofuran-7- 
yl)-4-trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 13." 




I 

Prepared in a similar manner to example 1 using 3-(5-Dimethylaminomethyl- 
10 3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde. 65% 
yield, mp 233-235 °C. ^H-NMR (300 MHz, DMSO-d-6): 1.34 (s, 6 H), 2.57 (s, 6 H), 
4.00 (s, 2 H), 4.26 (s, 2 H), 7.22 (d, J= 1.8 Hz, 1 H), 7.33 (d, J= 1.7 Hz, 1 H), 7.49 (s, 
1 H), 7.53 (d, J= 7.9 Hz, 1 H), 7.67 (dd, Jx = 7.9 Hz, J2 = 2.3 Hz, 1 H), 7.69 (s, 1 H). 
The intermediate 3-(5-dimethylaminomethyl-3,3-dimethyl-2,3-dihydro- 
1 5 benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde was prepared as follows: 

a. 3-(5-Dimethylaminomethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)- 

4-trifluoromethoxy-benzaldehyde. 

A mixture of 3-(5-hydroxymethyl-3,3-dimethyl-2,3-dihydro-ben2ofuran-7-yl)- 
4-trifluoromethoxy-benzaldehyde (1.25 g, 3.41 mmol) (example 10c) and 12N HCl (8.5 

20 mL) in toluene (35 mL) was heated at reflux for 1 hour. The solution was cooled to 

room temperature and the layers were separated. The aqueous layer was extracted twice 
with ethyl acetate. The organic combined extract was washed with water, brine, dried 
(MgS04), filtered and evaporated. To the residue obtained (3-[5-chloromethyl-3,3- 
dimethyl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde) (example 

25 lOe), diluted in dimethylformamide (35 mL), were added potassium carbonate (3,49 g, 
25.25 mmol) then dimethylamine hydrochloride (1.47 g, 18.04 mmol). The mixture was 
stirred at room temperature for 3 hours. Water was added and the layers separated. The 
mixture was extracted with ethyl acetate and the organic combined extract was washed 
with water, brine, dried (MgS04), filtered and evaporated. The residue was 
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chromatographed on silica gel (10% methanol in dichloromethane) to afford 742 mg of 
3-(5-Dimethylaminomethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde, 56% yield. 'H-NMR (300 MHz, CDCI3): 1.38 (s, 6 H), 
2.30 (s, 6 H), 3.47 (s, 2 H), 4.25 (s, 2 H), 7.06 (s, 1 H), 7.16 (s, 1 H), 7.48 (d, / = 8.5 
5 Hz, 1 H), 7.90 (dd, Ji = 8.5 Hz, J2 = 2.1 Hz, 1 H), 8.03 (d, J= 2.1 Hz, 1 H), 10.03 (s, 1 
H). 

Example 14: 7-[5-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoromethoxy- 
phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-sulfonic acid methylamide, which can 
10 be referred to as "Compound 14." 




HN^ 



Prepared in a similar manner to example 1 using 7-(5-formyl-2- 
trifluoromethoxy- phenyl)-3,3-dimethyl-2,3-dihydro-benzofuran-5-sulfonic acid 
methylamide. 45% yield. ^H-NMR (300 MHz, DMSO-d-6): 1.38 (s, 6 H), 2.43 (d, /= 

15 5.0 Hz, 3 H), 4.37 (s, 2 H), 7.32 (q, J= 5.0 Hz, 1 H), 7.59 (d, /= 1.8 Hz, 1 H), 7.65 (dd, 
Jx = 8.8 Hz, J2 = 1.5 Hz, 1 H), 7.69 (d, J = 1.8 Hz, 1 H), 7.76 (dd, Ji = 8.8 Hz, J2 = 2.3 
Hz, 1 H), 7.83 (d, J= 2.1 Hz, 1 H), 7.88 (s, 1 H), 12.72 (br s, IH). 

The intermediate 7-(5-formyl-2-trifluoromethoxy-phenyl)-3,3-dimethyl-2,3- 
dihydro-benzofuran-5-sulfonic acid methylamide was prepared in a similar manner to 

20 example 2a using 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-sulfonic acid 

methylamide and 3 -formyl-6-trifluoromethoxy-l -phenyl boronic acid (example 2b). 
90% yield. ^H-NMR (300 MHz, CDCI3): 1.43 (s, 6 H), 2.70 (d, J= 5.6 Hz, 3 H), 4.31 
(m, 1 H), 4.37 (s, 2 H), 7.52 (dd, Jj = 8.5 Hz, ^2 - 1.8 Hz, 1 H), 7.66 (d, J= 2.1 Hz, 1 
H), 7.71 (d, J= 2.1 Hz, 1 H), 7.97 (dd, Jx = 8.5 Hz, = 2.1 Hz, 1 H), 8.03 (d, J= 2.1 

25 Hz, 1 H), 10.05 (s, 1 H). 

a. 7-Bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-sulfonic acid 

methylamide. 

To a solution of 3,3-dimethyl-2,3-dihydro-ben2ofuran-5-sulfonic acid 
methylamide (215 mg, 0.89 mmol) in trifluoroacetic acid (5 mL) and sulfuric acid (1 
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b) L, M, N, Q and T residues are independently selected from, -0-, -S-, 

-S(0)., -S(0)2-, -N(R203)",-N(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, or - 
C(R209)(R2io)- residues, with the proviso that one or two of the L, M, N, 
Q or T radicals can be absent; 
5 c) R20o> R20b R2025 R203, R2045 R2055 R206> R2075 R208, R209, and R210 are 

independently selected from hydrogen, hydroxyl, a halogen, amino, or 
an organic radical; 

d) Ario is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 
radical; 

10 e) the bicyclic radical 




comprises from 6 to 20 carbon atoms; 

f) R211 is hydrogen, hydroxy, or an organic radical; 

g) is either present or absent; and 

15 h) HAr has the structure 

00 O 





^A), ^-^s, h'^ 



H 

or a pharmaceutically acceptable salt thereof. 

In another aspect, this invention relates to the use of the compounds of the 
inventions disclosed above for modulating lipid metabolism, carbohydrate metabolism, 

20 or lipid and carbohydrate metabolism. The compounds are also useful for treating 
diseases of uncontrolled cellular proliferation such as cancer; and the treatment of 
inflammatory diseases. 

This invention also relates to a method for the treatment of type 2 diabetes and 
related diseases, by modulating lipid metabolism, carbohydrate metabolism, or lipid 

25 and carbohydrate metabolism. The methods comprise administering to a mammal, 
preferably a human, diagnosed as needing such treatment or modulation, one or more 
of the compounds of the invention or a pharmaceutical composition thereof. The 
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BICYCLIC HETEROCYCLES FOR THE TREATMENT 
OF DIABETES AND OTHER DISEASES 

RELATED APPLICATIONS 
5 This application claims priority to the U.S. Provisional Application Serial 

Number 60/362,732, filed March 08, 2002, the disclosure of which application is 
hereby incorporated in its entirety by this reference. 

BACKGROUND OF THE INVENTION 

10 Type 2 diabetes, also referred to as non-insulin dependent diabetes mellitus 

(NIDDM), afflicts between 80 and 90% of all diabetic patients in developed countries. 
In the United States alone, approximately 15 million people, and more than 100 million 
worldwide, are affected. Because this disorder is a late onset disease and occurs often 
in overweight persons it can be expected that the number of patients suffering from this 

15 disease will increase further. Patients suffering from type 2 diabetes usually still 

produce insulin but become increasingly resistant to their own insulin and to insulin 
therapy. A promising new class of drugs has been recently introduced that resensitizes 
patients to their own insulin (insulin sensitizers), thereby reducing the requirement for 
exogenous insulin. Troglitazone (Resulin™) and rosiglitazone (Avandia™) are among 

20 the first representatives of a class of drugs approved for the treatment of type 2 diabetes 
in the United States and several other coimtries. These drugs, however, have side 
effects including rare but severe liver toxicities (i.e., troglitazone) and they can increase 
body weight in hximans. Such side effects are of major concern for patients who might 
require treatment for diabetes for a decade or longer. Therefore, new and better drugs 

25 for the treatment of type 2 diabetes and related disorders are needed. 

One property of the compounds of this invention is that in many cases they can 
convert preadipocyte cells to adipocytes i.e. induce adipocyte differentiation. The 
ability of a molecule to induce differentiation of a particular cell type or cell types is 
also known to often correlate to anticancer activities. 

30 Small molecules that can be effective for the treatment of diabetes and/or 

disorders of carbohydrate metabolism were disclosed in U.S. Patent No 6,515,003, 
issued February 04, 2003, based on U.S. Patent AppUcation No. 09/652,810, filed 
August 31, 2000, which claimed priority to U.S. Provisional Patent Application 
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60/151,670, filed August 31, 1999. Related small molecules that can be useful in the 
treatment of certain cancers were disclosed in PCX Patent Application WO 01/16122, 
published March 08, 2001, which claimed priority to the same U.S. Provisional Patent 
Application 60/151,670 cited above. The disclosures of all the above-described patent 
5 docximents are hereby incorporated herein by this reference, for both their chemical 
structural disclosures, their teachings of the biological activities of those compounds, 
and methods for their use as pharmaceutical compositions. 

There is however a continuing need for new drugs for the treatment of type 2 
diabetes and associated disorders of carbohydrate and/or lipid metabolism, including 
10 hyperlipidemia and hypercholesterolemia. In particular, new drugs that can control the 
blood sugar levels of diabetics, and simultaneously control hyperlipidemia and/or 
hypercholesteremia so as to lessen or prevent atherosclerosis would be of high value for 
the treatment of diabetes. 

SUMMARY OF THE INVENTION 
1 5 The present invention relates to substituted heterocycles which are useful in the 

treatment of type 2 diabetes and related diseases related to carbohydrate metabolism. 

Unexpectedly, it has been discovered that the drugs can simultaneously treat disorders 

related to lipid metabolism, such as hyperlipidemia and/or hypercholesterolemia, which 

can be associated with atherosclerosis. 
20 The compounds of the invention can also be useful in treating diseases of 

imcontrolled proliferation, such as cancers. 

Some embodiments of the invention relate to a first genus of compounds of 

Formula (300): 




(300) 

25 wherein: 

a) R200, R201 and R202 are independently selected from hydrogen, hydroxyl, 
a halogen, amino, or an organic residue comprising 1 to 12 carbon 
atoms; 
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b) Np are the number of heteroaryl ring nitrogens selected from 0, 1 or 2; 

c) L, M, N, Q and T residues are independently selected from -C(0)-, - 
C(S)-, -O-, -S-, -N(R203)-,-N(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, or - 
C(R209)(R2io)- residues, and from zero to two of the L, M, N, Q or T 

5 residues can be absent; 

wherein: 

i) R200J R2015 R202, R203» R204, R205> R206, R207J R2085 R209> and R210 
are independently selected from hydrogen, hydroxyl, a halogen, 
amino, or an organic residue comprising 1 to 12 carbon atoms; or 

10 two of the R203, R204, R205, R206, R207, R208, R209 and R210 residues 

can be connected together to form an exocyclic substituent 
residue comprising 1 to 6 ring carbon atoms and from 0 to 3 
optional ring heteroatoms selected from O, S, or N; and 

ii) L, M, N, Q and T do not form an amide residue; 

15 d) Atio is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 

residue comprising from 3 to 6 ring carbon atoms and from 0 to 3 
optional ring heteroatoms selected from O, S, or N; 
e) R211 is hydrogen, hydroxy, or an organic residue comprising 1 to 10 
carbon atoms; 

20 f) is either present or absent; 

g) W, X, Y and Z are independently or together -C(0)-, -C(S)-, -S-, -O- or 
-NH-, to form a 2,4-thiazolidinedione, 2-thioxo-thiazolidine-4-one, 2,4- 
imidazolidinedione or 2-thioxo-imidazolidine-4-one residue; or 
a pharmaceutically acceptable salt thereof. 
25 In related embodiments, the invention relates to a second genus of compounds 

having the structure 



HAr 




R201 iT '^P 
R200 



wherein: 

a) p is 0, 1 or 2; 
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invention also provides for a method of treatment of a disease of uncontrolled cellular 
proliferation comprising administering to a mammal diagnosed as having a disease of 
uncontrolled cellular proliferation and a method of treating an inflammatory disease 
comprising administering one or more of the compounds of the invention to a mammal 
5 diagnosed as having an inflammatory disease such as atherosclerosis. 

In another aspect, this invention relates to a pharmaceutical composition 
comprising one or more compounds disclosed herein in admixture with one or more 
pharmaceutically acceptable excipients. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Figure 1 shows the activity of the compoimds of the invention for inducing the 

differentiation of 3T3-L1 preadipocytes into adipocytes. 

Figure 2 shows the serum glucose lowering activity of the compounds of the 
present invention in the KKA*' Mouse Model. 

Figure 3 shows the serum triglyceride lowering activity of the compoimds of the 
1 5 present invention in the KKA'' Mouse Model. 

Figure 4 shows examples of methods for synthesizing certain synthetic 
precursors of the dihydrobenzofuran compoxmds disclosed herein. 

Figure 5 shows examples of methods for synthesizing certain synthetic 
precursors of the dihydrobenzothiofuran compounds disclosed herein. 
20 Figure 6 shows examples of methods for synthesizing certain synthetic 

precursors of the dihydrobenzopyrrole compounds disclosed herein. 

Figure 7 shows examples of methods for introducing various types of R200 
substituents into synthetic precursors used to synthesize the compoimds disclosed 
herein. 

25 Figure 8 shows examples of methods for coupling various synthetic precursors 

so as to synthesize the final product heterocycles disclosed herein. 

DETAILED DESCRIPTION 
The present invention can be understood more readily by reference to the 
following detailed description of various embodiments of the invention and the 
30 Examples included therein and to the Figures and their previous and following 
description. Before the present compounds, compositions, and/or methods are 
disclosed and described, it is to be understood that this invention is not limited to 
specific synthetic methods, specific pharmaceutical carriers or formulations, or to 
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particular modes of administering the compounds of the invention, as such can, of 
course, vary. It is also to be understood that the terminology used herein is for the 
purpose of describing particular embodiments only and is not intended to be limiting. 
DEFINITIONS 

5 In the specification and Formulae described herein the following terms are 

hereby defined. 

"Optional" or "optionally" means that the subsequently described event or 
circumstance may or may not occur, and that the description includes instances where 
said event or circumstance occurs and instances where it does not. For example, the 
10 phrase "optionally substituted lower alkyl" means that the lower alkyl group may or 
may not be substituted and that the description includes both unsubstituted lower alkyl 
and lower alkyls where there is substitution. 

It must be noted that, as used in the specification and the appended claims, the singular 
forms "a," "an" and "the" include plural referents unless the context clearly dictates 

15 otherwise. Thus, for example, reference to "an aromatic compound" includes mixtures 
of aromatic compoimds. 

Often, ranges are expressed herein as from "about" one particular value, and/or 
to "about" another particular value. When such a range is expressed, another 
embodiment includes from the one particular value and/or to the other particular value. 

20 Similarly, when values are expressed as approximations, by use of the antecedent 

"about," it will be understood that the particular value forms another embodiment. It 
will be further understood that the endpoints of each of the ranges are significant both 
in relation to the other endpoint, and independently of the other endpoint. 

By "pharmaceutically acceptable" is meant a material that is not biologically or 

25 otherwise undesirable, i.e., the material can be administered to an individual along with 
the relevant active compound without causing clinically unacceptable biological effects 
or interacting in a deleterious manner with any of the other components of the 
pharmaceutical composition in which it is contained. 

By the term "effective amount" of a compoimd as provided herein is meant a 

30 sufficient amount of the compound to provide the desired regulation of a desired 

function, such as gene expression, protein fimction, or a disease condition. As will be 
pointed out below, the exact amount required will vary from subject to subject, 
depending on the species, age, and general condition of the subject, the severity of the 
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disease that is being treated, the particular compound used, its mode of administration, 
and the like. Thus, it is not possible to specify an exact "effective amount." However, 
an appropriate effective amount can be determined by one of ordinary skill in the art 
using only routine experimentation. 
5 The term "alkyl" denotes a hydrocarbon group or residue which is structurally 

similar to a non-cyclic alkane compoxmd modified by the removal of one hydrogen 
from the non-cyclic alkane and the substitution therefore of a non-hydrogen group or 
residue. Alkyls comprise a noncyclic, saturated, straight or branched chain 
hydrocarbon residue having from 1 to 12 carbons, or 1 to 8 carbons, or 1 to 6 carbons. 
10 Examples of such alkyl radicals include methyl, ethyl, n-propyl, /50-propyl, n-butyl, 
sec'hutyl, /-butyl, amyl, r-amyl, «-pentyl and the like. Lower alkyls comprise a 
noncyclic, saturated, straight or branched chain hydrocarbon residue having from 1 to 4 
carbon atoms. 

The term "substituted alkyl" denotes an alkyl radical analogous to the above 

1 5 definition that is further substituted with one, two, or more additional organic or 

inorganic substituent groups. Suitable substituent groups include but are not limited to 
hydroxyl, cycloalkyl, amino, mono-substituted amino, di-substituted amino, acyloxy, 
nitro, cyano, carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 
dialkylcarboxamide, substituted dialkylcarboxamide, alkylsulfonyl, alkylsulfinyl, 

20 thioalkyi, thiohaloalkyl, alkoxy, substituted alkoxy, haloalkoxy, heteroaryl, substituted 
heteroaryl, aryl or substituted aryl. When more than one substituent group is present 
then they can be the same or different. The organic substituent groups can comprise 
from 1 to 12 carbon atoms, or from 1 to 6 carbon atoms, or from 1 to 4 carbon atoms. 
The term "substituted alkyl" denotes a radical containing 1 to 12 carbons of the above 

25 definitions that are substituted with one or more groups, but preferably one, two or 
three groups, selected from hydroxyl, cycloalkyl, amino, mono-substituted amino, di- 
substituted amino, acyloxy, nitro, cyano, carboxy, carboalkoxy, alkylcarboxamide, 
substituted alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, 
alkylsulfonyl, alkylsulfinyl, thioalkyi, thiohaloalkyl, alkoxy, substituted alkoxy or 

30 haloalkoxy. When more than one group is present then they can be the same or 
different. 

The term "hydroxyalkyl" denotes an alkyl radical substituted with one or more 
hydroxy radicals. Lower hydroxyalkyl radicals comprise from 1 to 4 carbon atoms. 
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Examples of hydroxyalkyl groups include hydroxymethyl radicals (-CH2OH), 1- 
hydroxyethyl (-CH(OH)CH3), 2-hydroxyethyl radicals (-CH2CH2OH), and like higher 
homologs. 

The term "alkoxyalkyl" denotes an alkyl radical substituted with an alkoxy or a 
5 hydroxyalkyl radical. Lower alkoxyalkyl groups comprise from 1 to 6 carbon atoms. 
Examples of alkoxyalkyl groups include alkoxymethyl radicals (-CH2-O-R, where R is 
an alkyl radical), alkoxy-ethyl radicals (-CH2CH2-O-R, wherein R is an alkyl radical). 

The term "alkenyl" denotes an alkyl residue as defined above that comprises at 
least one carbon-carbon double bond. Examples include but are not limited to vinyl, 

10 allyl, 2-butenyl, 3-butenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 2-hexenyl, 3-hexenyl, 4- 
hexenyl, 5-hexanyl, 2-heptenyl, 3-heptenyU 4-heptenyl, 5-heptenyl, 6-heptenyl and the 
like. The term "alkenyl" includes dienes and trienes of straight and branch chains. 

The term "substituted alkenyl" denotes an alkenyl residue as defined above 
definitions that is substituted witii one or more groups, but preferably one, two or three 

1 5 groups, selected from halogen, hydroxyl, cycloalkyl, amino, mono-substituted amino, 
di-substituted amino, acyloxy, nitro, cyano, carboxy, carboalkoxy, alkylcarboxamide, 
substituted alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, 
alkylsulfonyl, alkylsulfinyl, thioalkyl, thiohaloalkyl, alkoxy, substituted alkoxy or 
haloalkoxy. When more than one group is present then they can be the same or 

20 different. The organic substituent groups can comprise from 1 to 12 carbon atoms, or 
from 1 to 6 carbon atoms, or from 1 to 4 carbon atoms. 

The term "alkynyl" denotes a residue as defined above that comprises at least 
one carbon-carbon double bond. Examples include but are not limited ethynyl, 1- 
propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 3- 

25 pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl, 5-hexynyl and the 
like. The term "alk5niyr' includes di- and tri-ynes. 

The term "substituted alkynyl" denotes an alkylnyl residue of the above 
definition that is substituted with one or more groups, but preferably one or two groups, 
selected from halogen, hydroxyl, cycloalkyl, amino, mono-substituted amino, di- 

30 substituted amino, acyloxy, nitro, cyano, carboxy, carboalkoxy, alkylcarboxamide, 
substituted alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, 
alkylsulfonyl, alkylsulfinyl, thioalkyl, thiohaloalkyl, alkoxy, substituted alkoxy or 
haloalkoxy. When more than one group is present then they can be the same or 
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different. The organic substituent groups can comprise from 1 to 12 carbon atoms, or 
from 1 to 6 carbon atoms, or from 1 to 4 carbon atoms. 

The term "cycloalkyl" denotes a hydrocarbon group or residue which is 
structurally similar to a cyclic alkane compound modified by the removal of one 
5 hydrogen from the cyclic alkane and substitution therefore of a non-hydrogen group or 
residue. Cycloalkyl groups, or residues radical contain 3 to 18 carbons, or preferably 4 
to 12 carbons, or 5 to 8 carbons. Examples include as cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, decahydronapthyl, adamantyl, and like residues. 
The term "cycloalkyl" denotes a radical containing 3 to 8 carbons, such as cyclopropyl, 

10 cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the like. The term 
"substituted cycloalkyl" denotes a cycloalkyl as defined above that is fiirther 
substituted with one or more groups selected from halogen, alkyl, hydroxyl, alkoxy, 
substituted alkoxy, carboxy, carboalkoxy, alkylcarboxamide, substituted 
alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, amino, mono- 

15 substituted amino or di-substituted amino. When the cycloalkyl is substituted with 
more than one group, they can be the same or different. 

The term "substituted cycloalkyl" denotes a cycloalkyl residue as defined above 
that is further substituted with one, two, or more additional organic or inorganic groups 
that can include but are not limited to halogen, alkyl, substituted alkyl, hydroxyl, 

20 alkoxy, substituted alkoxy, carboxy, carboalkoxy, alkylcarboxamide, substituted 

alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, amino, mono- 
substituted amino or di-substituted amino. When the cycloalkyl is substituted with 
more than one substituent group, they can be the same or different. The organic 
substituent groups can comprise from 1 to 12 carbon atoms, or from 1 to 6 carbon 

25 atoms, or from 1 to 4 carbon atoms. 

The term "cycloalkenyl" denotes a cycloalkyl radical as defined above that 
comprises at least one carbon-carbon double bond. Examples include but are not 
limited to cyclopropenyl, 1-cyclobutenyl, 2-cyclobutenyl, 1-cyclopentenyl, 2- 
cyclopentenyl, 3-cyclopentenyl, 1 -cyclohexyl, 2-cyclohexyl, 3-cyclohexyl and the like. 

30 The term "substituted cycloalkenyl" denotes a cycloalkyl as defined above fiirther 
substituted with one or more groups selected from halogen, alkyl, hydroxyl, alkoxy, 
substituted alkoxy, haloalkoxy, carboxy, carboalkoxy, alkylcarboxamide, substituted 
alkylcarboxamide, dialkylcarboxamide, substituted dialkylcarboxamide, amino, mono- 
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substituted amino or di-substituted amino. When the cycloalkenyl is substituted with 
more than one group, they can be the same or different. The organic substituent groups 
can comprise from 1 to 12 carbon atoms, or from 1 to 6 carbon atoms, or from 1 to 4 
carbon atoms. 

5 The term "alkoxy" as used herein denotes an alkyl residue, defined above, 

attached directly to a oxygen to form an ether residue. Examples include methoxy, 
ethoxy, n-propoxy, z50-propoxy, n-butoxy, /-butoxy, wo-butoxy and the like. 

The term "substituted alkoxy" denotes an alkoxy residue of the above definition 
that is substituted with one or more substituent groups, but preferably one or two 

1 0 groups, which include but are not limited to hydroxyl, cycloalkyl, amino, mono- 
substituted amino, di-substituted amino, acyloxy, nitro, cyano, carboxy, carboalkoxy, 
alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide, substituted 
dialkylcarboxamide, alkylsulfonyl, alkylsulfinyl, thioalkyl, thiohaloalkyl, alkoxy, 
substituted alkoxy or haloalkoxy. When more than one group is present then they can 

15 be the same or different. The organic substituent groups can comprise from 1 to 12 
carbon atoms, or from 1 to 6 carbon atoms, or from 1 to 4 carbon atoms. 

The term "mono-substituted amino" denotes an amino substituted with one 
organic substituent groups, which include but are not limited to alkyl, substituted alkyl 
or arylalkyl wherein the terms have the same definitions found hereinabove. 

20 The term "di-substituted amino" denotes an amino residue substituted with two 

radicals that can be same or different selected from aryl, substituted aryl, alkyl, 
substituted alkyl or arylalkyl wherein the terms have the same definitions found 
throughout. Some examples include dimethylamino, methylethylamino, diethylamino 
and the like. 

25 The term "haloalkyl" denotes a alkyl residue as defined above, substituted with 

one or more halogens, preferably fluorine, such as a trifluoromethyl, pentafluoroethyl 
and the like. 

The term 'Tialoalkoxy" denotes a haloalkyl residue as defined above, that is 
directly attached to an oxygen to form trifluoromethoxy, pentafluoroethoxy and the 
30 like. 

The term "acyl" denotes a R-C(O)- residue containing 1 to 8 carbons. 
Examples include but are not limited to formyl, acetyl, propionyl, butanoyl, iso- 
butanoyl, pentanoyl, hexanoyl, heptanoyl, benzoyl and the like. 

10 
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The term "acyloxy" denotes a an acyl radical as defined above directly attached 
to an oxygen to form an R-C(0)0- residue. Examples include but are not limited to 
acetyloxy, propionyloxy, butanoyloxy, z50-butanoyloxy, benzoyloxy and the like. 

The term "aryl" denotes an ring radical containing 6 to 1 8 carbons, or preferably 
5 6 to 12 carbons, having at least one six-membered aromatic "benzene'' residue therein. 
Examples of such aryl radicals include phenyl and naphthyl. The temi "substituted 
aryl" denotes an aryl ring radical as defined above that is substituted with one or more, 
or preferably 1, 2, or 3 organic or inorganic substituent groups, v/hich include but Eire 
not limited to a halogen, alkyl, substituted alkyl, hydroxyl, cycloalkyl, amino, mono- 
10 substituted amino, di-substituted amino, acyloxy, nitro, cyano, carboxy, carboalkoxy, 
alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide, substituted 
dialkylcarboxamide, alkylsulfonyl, alkylsulfinyl, thioalkyl, thiohaloalkyl, alkoxy, 
substituted alkoxy or haloalkoxy, aryl, substituted aryl, heteroaryl, heterocyclic ring, 
substituted heterocyclic ring wherein the terms are defined herein. The organic 
15 substituent groups can comprise fi-om 1 to 12 carbon atoms, or firom 1 to 6 carbon 
atoms, or firom 1 to 4 carbon atoms. 

The term "heteroaryl" denotes an aryl ring radical as defined above, wherein at 
least one of the carbons, or preferably 1, 2, or 3 carbons of the aryl aromatic ring has 
been replaced with a heteroatom, which include but are not limited to nitrogen, oxygen, 
20 and sulfur atoms. Examples of heteroaryl residues include pyridyl, bipyridyl, fiiranyl, 
and thiofuranyl residues. Substituted "heteroaryl" residues can have one or more 
organic or inorganic substituent groups, or preferably 1, 2, or 3 such groups, as referred 
to herein-above for aryl groups, bound to the carbon atoms of the heteroaromatic rings. 
The organic substituent groups can comprise firom 1 to 12 carbon atoms, or firom 1 to 6 
25 carbon atoms, or from 1 to 4 carbon atoms. 

The term "halo" or "halogen" refers to a fluoro, chloro, bromo or iodo group. 

The term "tiiioalkyl" denotes a sulfide radical containing 1 to 8 carbons, linear 
or branched. Examples include methylsulfide, ethyl sulfide, isopropylsulfide and the 
like. 

30 The term "thiohaloalkyl" denotes a thioalkyl radical substituted with one or 

more halogens. Examples include trifluoromethylthio, 1,1-difluoroethylthio, 2,2,2- 
trifluoroethylthio and the like. 
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The term "carboalkoxy" refers to an alkyl ester of a carboxylic acid, wherein 
alkyl has the same definition as found above. Examples include carbomethoxy, 
carboethoxy, carboisopropoxy and the like. 

The term "alkylcarboxamide" denotes a single alkyl group attached to the amine 
5 of an amide, wherein alkyl has the same definition as fo\md above. Examples include 
A^-methylcarboxamide, iV-ethylcarboxamide, iV-(z5a-propyl)carboxamide and the like. 
The term "substituted alkylcarboxamide" denotes a single "substituted alkyl" group, as 
defined above, attached to the amine of an amide. 

The term "dialkylcarboxamide" denotes two alkyl or arylalkyl groups that are 

10 the same or different attached to the amine of an amide, wherein alkyl has the same 
definition as found above. Examples of a dialkylcarboxamide include NJ^- 
dimethylcarboxamide, A^-methyl-A^-ethylcarboxamide and the like. The term 
"substituted dialkylcarboxamide" denotes two alkyl groups attached to the amine of an 
amide, where one or both groups is a "substituted alkyl", as defined above. It is 

1 5 understood that these groups can be the same or different. Examples include NJV- 
dibenzylcarboxamide, iV-benzyl-A^-methylcarboxamide and the like. 

The term "arylalkyl" defines an alkylene, such as -CH2- for example, which is 
substituted with an aryl group that can be substituted or unsubstituted as defined above. 
Examples of an "arylalkyl" include benzyl, phenethylene and the like. 

20 The term "organic residue" defines a carbon containing residue, i.e. a residue 

comprising at least one carbon atom, and includes but is not limited to the carbon- 
containing groups, residues, or radicals defined hereinabove. Organic residues can 
contain various heteroatoms, or be bonded to another molecule through a heteroatom, 
including oxygen, nitrogen, sulfur, phosphorus, or the like. Examples of organic 

25 residues include but are not limited alkyl or substituted alkyls, alkoxy or substituted 
alkoxy, mono or di-substituted amino, amide groups, etch. Organic resides can 
preferably comprise 1 to 18 carbon atoms, 1 to 15, carbon atoms, 1 to 12 carbon atoms, 
1 to 8 carbon atoms, or 1 to 4 carbon atoms. 

The term "amide" as defined hereby and used in the instant specification refers 

30 to a functional group or residue that contains a carbonyl (CO) group bound to a 
nitrogen atom, i.e. a residue having the formula: 



12 



wo 03/075858 



PCT/US03/07240 



C— N 

V 



A residue of a chemical species, as used in the specification and concluding 
claims, refers to the a structural fragment, or a moiety that is the resulting product of 
the chemical species in a particular reaction scheme or subsequent formulation or 
5 chemical product, regardless of whether the structural fragment or moiety is actually 
obtained from the chemical species. Thus, an ethylene glycol residue in a polyester 
refers to one or more — OCH2CH2O- repeat units in the polyester, regardless of whether 
ethylene glycol is used to prepare the polyester. Similarly, a 2,4-thiazolidinedione 
residue in a chemical compoxmd refers to one or more -2,4-thiazolidinedione moieties 
10 of the compound, regardless of whether the residue was obtained by reacting 2,4- 
thiazolidinedione to obtain the compoxmd. 

A very close synonym of the term "residue" is the term "radical," which as used 
in the specification and concluding claims, refers to a fragment, group, or substracture 
of a molecule described herein, regardless of how the molecule is prepared. For 
15 example, a 2,4-thiazolidinedione radical in a particular compound has the structure 



regardless of whether thiazolidinedione is used to prepare the compoimd. In some 
embodiments the radical (for example an alkyl) can be ftirther modified (i.e., 
substituted alkyl) by having bonded thereto one or more "substituent radicals." The 

20 number of atoms in a given radical is not critical to the present invention unless it is 
indicated to the contrary elsewhere herein. 

"Inorganic radicals," as the term is defined and used herein contain no carbon 
atoms and therefore comprise only atoms other than carbon. Inorganic radicals 
comprise bonded combinations of atoms selected from hydrogen, nitrogen, oxygen, 

25 silicon, phosphorus, sulfiir, selenium, and halogens such as fluorine, chlorine, bromine, 
and iodine, which can be present individually or bonded together in their chemically 
stable combinations. Inorganic radicals have 10 or fewer, or preferably one to six or 
one to four inorganic atoms as listed above bonded together. Examples of inorganic 



O 
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radicals include, but not limited to, amino, hydroxy, halogens, nitro, thiol, sulfate, 
phosphate, and like commonly known inorganic radicals. The inorganic radicals do not 
have bonded therein the metallic elements of the periodic table (such as the alkali 
metals, alkaline earth metals, transition metals, lanthanide metals, or actinide metals), 
5 although such metal ions can sometimes serve as a pharmaceutically acceptable cation 
for anionic inorganic radicals such as a sulfate, phosphate, or like anionic inorganic 
radical. Inorganic radicals do not comprise metalloids elements such as boron, 
aluminum, gallium, germanium, arsenic, tin, lead, or tellurium, or the noble gas 
elements, unless otherwise specifically indicated elsewhere herein. 

10 "Organic radicals" as the term is defined and used herein contain one or more 

carbon atoms. An organic radical can have, for example, 1-26 carbon atoms, 1-18 
carbon atoms, 1-12 carbon atoms, 1-6 carbon atoms, or 1-4 carbon atoms. Organic 
radicals often have hydrogen bound to at least some of the carbon atoms of the organic 
radical. One example, of an organic radical diat comprises no inorganic atoms is a 5, 6, 

15 7, 8-tetrahydro-2-naphthyl radical. In some embodiments, an organic radical can 
contain 1-10 inorganic heteroatoms bound thereto or therein, including halogens, 
oxygen, sulfur, nitrogen, phosphorus, and the like. Examples of organic radicals 
include but are not limited to an alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, mono-substituted amino, di-substituted amino, acyloxy, cyano, carboxy, 

20 carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide, 
substituted dialkylcarboxamide, alkylsulfonyl, alkylsulfmyl, thioalkyl, thiohaloalkyl, 
alkoxy, substituted alkoxy, haloalkyl, haloalkoxy, aryl, substituted aryl, heteroaryl, 
heterocyclic, or substituted heterocyclic radicals, wherein the terms are defined 
elsewhere herein. A few non-limiting examples of organic radicals that include 

25 heteroatoms include alkoxy radicals, trifluoromethoxy radicals, acetoxy radicals, 
dimethylamino radicals and the like. 

It must be noted that, as used in the specification and the appended claims, the 
singular forms "a," "an" and "the" include plural referents unless the context clearly 
dictates otherwise. Thus, for example, reference to "an aromatic compoimd" includes 

30 mixtures of aromatic compounds. 
Compounds of the Invention 

Some embodiments of the invention relate to a first genus of bicyclic 
compounds of Formula (300): 

14 



wo 03/075858 PCT/US03/07240 




R200 

(300) 

wherein: 



a) R20O5 R201 a^id R202 are independently selected from hydrogen, hydroxyl, 
a halogen, amino, or an organic residue comprising 1 to 12 carbon 

5 atoms; 

b) Np are the number of heteroaryl ring nitrogens selected from 0, 1 or 2; 

c) L, M, N, Q and T residues are independently selected from -C(0)-, - 
C(S)-, -0-, -S-, -N(R203)-,-N(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, or - 
C(R209)(R2io)- residues, and from zero to two of the L, M, N, Q or T 

10 residues can be absent; 



wherein: 



i) R203, R204, R205, R206, R207, R208, R209, and R210 axe independently 
selected from hydrogen, hydroxyl, a halogen, amino, or an 
organic residue comprising 1 to 12 carbon atoms; or two of the 

15 R203, R204, R205, R206, R207, R208, R209 and R210 residues can be 

connected together to form an exocyclic substituent residue 
comprising 1 to 6 ring carbon atoms and from 0 to 3 optional 
ring heteroatoms selected from O, S, or N; and 

ii) L, M, N, Q and T do not form an amide residue; 

20 d) Ario is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 

residue comprising from 3 to 6 ring carbon atoms and from 0 to 3 
optional ring heteroatoms selected from O, S, or N; 
e) R2n is hydrogen, hydroxy, or an organic residue comprising 1 to 10 
carbon atoms; 

25 f) is either present or absent; 

g) W, X, Y and Z are independently or together -C(0)-, -C(S)-, -S-, -O- or 
-NH-, to form a 2,4-thiazolidinedione, 2-thioxo-thiazolidine-4-one, 2,4- 
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imidazolidinedione or 2-thioxo-iinidazolidine-4-one residue; 



10 



15 




o 

2,4-thiazolidinedione 




V 

HN NH 

Y 
O 



S^NH 

s 

2-thioxo-thiazolidine-4-one 



HN NH 

T 
S 



254-iinidazolidinedione 2-thioxo-imidazolidine-4-one 



or 



a pharmaceutically acceptable salt thereof. 

The genus of compounds described above shall be termed herein the "first" 
genus of bicyclic compounds. 

In a related but alternative embodiment, the invention relates to another 
"second" genus of bicyclic compounds having the structure 




R200 



wherein 
a) 



20 



p is 0, 1 or 2; 

b) L, M, N, Q and T residues are independently selected from, -O-, -S-, 
-S(0)-, -S(0)2-, -N(R203)-,-N(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, or 
C(R209)(R2io)- radicals, with the proviso that one or two of the L, M, N, 
Q or T radicals can be absent; 

c) R2005 R20U R202? R203J R204, R205, R206, R207» R2085 R209» and R210 are 
independently selected from hydrogen, hydroxyl, a halogen, amino, or 
an organic radical comprising 1 to 12 carbon atoms; 
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d) Atio is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 
radical comprising 2 to 18 carbon atoms; 

e) the radical 




R200 

comprises from 6 to 20 carbon atoms; 

f) R211 is hydrogen, hydroxy, or an organic residue comprising 1 to 10 
carbon atoms; 

g) is either present or absent; and 

h) HAr has the structure 
000 




^ or |=< r or 1 or §=K J 

10 ^' H ° H ' 

or a pharmaceutically acceptable salt thereof. 

The two genuses of compounds disclosed immediately above share a number of 
common features, but differ in some aspects. The description of furdier and more 
detailed embodiments to follow below is intended to be appUcable, to the extent 

1 5 possible and reasonable, to both the "first" and "second" genuses of compounds 

described above. Some differences between the first and second genuses will be noted. 

In the embodiments relating to the first genus of compounds, the W, X, Y and Z 
radicals, together with a carbon atom, form one of four separate five membered 
heterocycles, selected from a 2,4-thiazolidinedione, 2-thioxo-thiazolidine-4-one, 2,4- 

20 imidazolidinedione or 2-thioxo-imidazolidine-4-one residue or radical, the structures of 
which are shown in the drawings below: 

SyNH S^NH 
O S 
2,4-thiazolidinedione 2-thioxo-thiazolidine-4-one 
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V V 

HN NH HN NH 

" I 
O S 



2,4-imidazolidinedione 2-thioxo-iinidazolidine-4-one 
For purposes of ease of reference and brevity, the 2,4-thiazolidinedione, 2- 
thioxo-thiazolidine-4-one, 2,4-imidazolidinedione or 2-thioxo-imidazolidine-4-one 
heterocyclic residues can be generically termed "HAr" heterocyclic residues or 
5 radicals. The second genus of compounds above employs the "HAr" terminology, but 
intends the same set of four heterocyclic residues or radicals, namely 2,4- 
thiazolidinedione, 2-thioxo-thiazolidine-4-one, 2,4-hnidazolidinedione or 2-thioxo- 
imidazolidine-4-one radicals or residues. 

The compounds of the invention, including both the first and second genuses, 
10 comprise at least one "bicyclic" residue or radical of the following formula: 




R202 _ 

R200 

In the first genus of compounds, the L, M, N, Q and T radicals or residues are 
independently selected from-C(O)-, -C(S)-, -0-, -S-, -N(R203)-,-N(R204)-, - 
C(R205)(R206)-, -C(R207)(R208)-, or -C(R209)(R2io)- rcsiducs, with the proviso that L, M, 
15 N, Q and T do not form an amide residue. In the second genus of compounds, the L, 
M, N, Q and T radicals or residues are independently selected from -0-, -S-, -S(0)-, - 
S(0)2-, -N(R203)-,-N(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, or -C(R209)(R2io)- radicals. 
It should be noted that the ring comprising the L, M, N, Q and T radicals or residues is 
not an aromatic ring. 

20 It should be understood that, with respect to the descriptions, formulas and 

drawings above, the "N" in the "LMNQT" ring can represent a nitrogen atom or one of 
the two listed -N(R203)-, or -N(R204)- radicals, but the N could also represent any of the 
listed residues. 
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In both genuses of compounds, the R200, R2015 R202, R2035 R204, R205, R2065 R2075 
R2085 R2095 and R210 residues or radicals can be independently selected from residues or 
radicals that can include but are not limited to hydrogen, hydroxyl, a halogen, amino, or 
an organic residue. Examples of suitable organic residues or radicals include but are not 
5 be limited to an alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, acyloxy, mono-substituted amino, di-substituted amino, 
alkylsulfonamide, substituted alkylsulfonamide, arylsulfonamide, 
heteroarylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, substituted acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, substituted alkylthiocarbamate, 

10 arylthiocarbamate, heteroaryl, substituted heteroaryl, alkoxy, substituted alkoxy, 
haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide or 
substituted dialkylcarboxamide residue. In certain embodiments, the organic residues 
or radicals comprise from 1 to 12 carbon atoms, or 1 to 8 carbon atoms, or 1 to 6 

15 carbon atoms, or 1 to 4 carbon atoms. 

It is also to be understood that one or two of the L, M, N, Q or T residues can be 
absent. For example, the bicyclic residues can comprise a "LMNQT" ring that has 
from five to seven atoms in the non-aromatic ring. Examples of such bicyclic residues 
include: 




Although not wishing to be bound by theory, the compounds of the invention, 
including the bicyclic radical and its various substituents are selected so as to have a 
geometry, size, and polarity that is suitable to allow the compoimds of the invention to 
interact with and substantially fill, yet fit within, the binding regions of the target 
25 biological molecules, so as to contribute to the effective binding of the compounds to 
the binding sites in the biological target molecules. Therefore, in some embodiments, 
the bicyclic radical or residue, together with the L, M, N, Q and T and all the associated 
R200, R201, R202, R203, R204, R205, R206, R207, R208, R209, and R210 substituent radicals a 
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comprise from 6 to 20 carbon atoms, or from 7 to 1 8 carbon atoms, or from 8 to 1 6 
carbon atoms, or from 9 to 14 carbon atoms. 

In certain embodiments, the bicyclic residues comprise at least one ring 
heteroatom or heteroatomic group, which can be present at any one of the L, M, N, Q, 
or T positions. For example, L, M, N, Q and T together with a substituted or 
unsubstituted aryl can form a bicyclic ring residue or radical with one heteroatom or 
heteroatomic group having the Formulas (305a-f): 

/ — N 

^207- 





R2OO 

(305b) 




R200 




R200 
(305f) 



(305e) 

10 In other embodiments, L, M, N, Q and T together with a substituted or 

unsubstituted aryl can form a bicyclic ring residue or radical with two heteroatoms or 
heteroatomic groups, as exemplified by the radicals having the Formulas (305g-k): 



_ R206^R205 
r^207 V/ 



_ R2O6.R205 
^207 V/ 




R203 



R2O6 R205 
^^207 \/ 




R2OO 

(305h) 




R200 
(305i) 
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(305j) ' (305k) 



In some embodiments of the bicyclic residues or radicals, nitrogen is present in 
the aryl ring of the bicydic residue, i.e. p=l, so that L, M, N, Q and T together with a 
substituted or unsubstituted heteroaryl form a bicydic pyridine residue or radical. 
5 Examples of such bicyclic pjoidine radicals include but are not limited to Formulas 
(3051-m): 




R200 5 R200 ; 

(3051) (305m) 

Alternatively, the heteroaryl ring can comprise heteroaromatic residues having 

two nitrogen atoms, i.e. p=2. An example of such a bicyclic "pyrimidene" residue or 

10 radical is shown below. 




R200 
(305n) 



The R200, R201, R202, R203, R204, R205, R206, R207, R208, R209, and R210 substituents 
for the bicyclic residues or radicals of the invention can be independently selected from 
inorganic or organic residues or radicals, Suitable substituents include but are not 
15 limited to hydrogen, an alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, alkylsulfonamide, substituted 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea, 

21 



wo 03/075858 



PCT/US03/07240 



arylurea, acyl, substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, 
substituted alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, 
alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 
thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 
dialkylcarboxamide or substituted dialkylcarboxamide. 

Some embodiments of the invention relate to compounds wherein L, M, N, Q 
and T together form a partially reduced benzopyran ring of Formula (306): 



R200 is hydrogen, alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, alkylsulfonamide, substituted 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea, 
arylurea, acyl, substituted acyl, Edkylcarbamate, arylcarbamate, alkylthiocarbamate, 
substituted alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, 
alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 
thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 
dialkylcarboxamide or substituted dialkylcarboxamide; 

R201 and R202 are hydrogen or halogen; and 

R207 and R208 are independently or together alkyl or substituted alkyl. 
Some embodiments of the invention relate to where L, M, N, Q and T together 
form a partially reduced benzothiofuran ring of Formula (307): 




(306) 



wherein: 



R207-* 

R208 




(307) 



wherein: 
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R200 is hydrogen, alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, alkylsulfonamide, substituted 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea, 
arylurea, acyl, substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, 
substituted alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, 
alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 
thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 
dialkylcarboxamide or substituted dialkylcarboxamide; 

R201 and R202 aJ"^ hydrogen or halogen; and 

R207 and R208 are independently or together alkyl or substituted alkyl. 
Some embodiments of the invention relate to where L, M, N, Q and T together 
form a partially reduced benzopyrrole ring of Formula (308): 



R200 is hydrogen, alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, 
aU<ynyl, substituted alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, alkylsulfonamide, substituted 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea, 
arylurea, acyl, substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, 
substituted alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, 
alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 
thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 
dialkylcarboxamide or substituted dialkylcarboxamide; 

R201 and R202 are hydrogen or halogen; and 

R203, R207 and R208 are independently or together hydrogen, alkyl or substituted 

alkyl. 




(308) 



wherein: 
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In many embodiments of the compounds of the invention, R200 is not hydrogen. 
In some embodiments, R200 is selected from an alkyl, substituted alkyl, haloalkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, halogen, cyano, nitro, 
hydroxyl, acyloxy, amino, mono-substituted amino, di-substituted amino, 
5 alkylsulfonamide, substituted alkylsulfonamide, arylsulfonamide, 

heteroaiylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, substituted acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, substituted alkylthiocarbamate, 
arylthiocarbamate, heteroaryl, substituted heteroaryl, alkoxy, substituted alkoxy, 
haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 

10 carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide or 
substituted dialkylcarboxamide. 

In some embodiments, the R200 residue or radical is selected from an alkyl, 
substituted alkyl, aryl, substituted aryl, heteroaryl, or substituted heteroaryl having 1 to 
10 carbon atoms or 2-8 carbon atoms or 3-6 carbon atoms. Hydroxyalkyls or 

15 alkoxyalkyls are sometimes favored substituted alkyls. 

In some embodiments R200 is an alkyl. Some examples R200 is a straight or 
branched alkyl of Ci-Cg. In other examples R200 is a straight or branched alkyl of Ci- 
Ce. In still other examples R200 is a straight or branched alkyl of Ci-C4, such as methyl, 
ethyl, /-propyl, n-propyl, /-butyl, «-butyl, and r-butyl. 

20 In some embodiments R200 is an alkyl of C1-C4 that is branched. In some 

embodiments, isobutyl groups are preferred R200 groups. 

In some embodiments R200 is an alkoxy of Ci-Cg that is either straight chain or 
branched. In other examples R200 is an alkoxy of Ci-Ce that is either straight chain or 
branched. In still other examples R200 is an alkoxy of C1-C4 that is either straight chain 

25 or branched. 

In some embodiments R200 is an aryl or substituted aryl. In other embodiments 
R200 is a heteroaryl or substituted heteroaryl. Some representative examples of 
substituted aryls and substituted heteroaryl shown in Formulae (310a and 310b): 




(310a) 



(310b) 
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wherein R222, R223 and R223 are organic or inorganic radicals. Suitable radicals 
include but are not limited to hydrogen, alkyl, substituted alkyl, haloalkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, halogen, cyano, nitro, hydroxyl, 
acyloxy, amino, mono-substituted amino, di-substituted amino, alkylsulfonamide, 
5 substituted alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, alkylurea, 
alkylthiourea, arylurea, acyl, substituted acyl, alkylcarbamate, arylcarbamate, 
alkylthiocarbamate, substituted alkylthiocarbamate, arylthiocarbamate, heteroaryl, 
substituted heteroaryl, alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, 
alkylsulfonyl, thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted 

10 alkylcarboxamide, dialkylcarboxamide or substituted dialkylcarboxamide; and Nr 
represent the number of nitrogen in the ring wherein "r" is 1, 2 or 3 thus forming a 
substituted or unsubstituted pyridyl, pyrimidinyl or triazinyl respectively. Some other 
embodiments where R200 is a heteroaryl or substituted heteroaryl include five- 
membered rings. Some interesting heteroaryl and substituted heteroaryl residues are 

15 five membered rings, where some representative examples are of the Formulae (312a- 



X): 




(312a) 



(312b) 



(312c) 



(312d) 




(312e) 



(312f) 



(312g) 



(312h) 




R222 
(312j) 




R222 
(312k) 




R222 
(3121) 



(312i) 
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R222 



R223 
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11 / N-N 



R224 



R222 




(312s) 



R222 
(312t) 



R223 R222 
(312u) 



R224 ^|^R223 
^222 



R222 




R224 



(312w) 

wherein R222, R223 and R224 are independently or together hydrogen, alkyl, 
5 substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono-substituted amino, di- 
substituted amino, alkylsulfonamide, substituted alkylsulfonamide, arylsulfonamide, 
heteroarylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, substituted acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, substituted alkylthiocarbamate, 

10 arylthiocarbamate, heteroaryl, substituted heteroaryl, alkoxy, substituted alkoxy, 
haloalkoxy, thioalkyl, aikylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, dialkylcarboxamide or 
substituted dialkylcarboxamide. In some embodiments, R2225 R223 and R224 are 
hydrogen, a halogen, or a C1-C4 alkyl. 

15 It is to be understood that compounds of Formula (312a-x) possessing 

heteroaryl residues wherein N-R222 is a hydrogen, tautomers are possible and are within 
the scope of the invention. For example, triazole (312e) can exist in several tautomeric 
forms when R222 is hydrogen. These forms can be represented as shown: 



HN 



A, 



N 



X 



R223 



NH 



N 



Js 



N 



R223 



R223 
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Other represented structures that can exist as various tautomeric forms include, 
for example, (312i), (312m), (312t) and (312u). 

Some embodiments of the invention relate to compounds of the first or second 
genuses wherein -C(R205)(R206)-, -C(R207)(R208)- and -C(R209)(R2io)- independently 
5 form a cycloalkyl optionally substituted with O, S or N-alkyl. For example, in some 
embodiments of bicyclic residues (305a-n) and (306)-(308), the R207 and R208 radicals 
can optionally be bonded together to form an additional exocyclic cycloalkyl radical, 
which can optionally comprise 1 or 2 heteroatoms selected from -0-, -S-, -NH-, or — 
N(alkyl)-. Representative examples of such exocyclic cycloalkyls with optional 
10 heteroatoms include but are not limited to exocyclic cyclopropyl, cyclobutyl, 

cyclopentyl, tetrahydrofuranyl, pyrrolidinyl and like radicals. For example, for residues 
of formula (305a), the (R207) and (R208) substituents of the -C(R207)(R208)- radical can 
be bonded together form a cycloalkyl having the Formulae (309a-c). 



wherein -C(R209)(R2io)- form a cycloalkyl optionally substituted with -0-, -S-, -NH-, 
or -N(alkyl)-. Representative examples of bicyclic radicals of Formula (305d) wherein 
-C(R209)(R2io)- together form a cycloalkyl are of the Formulae (309d-f). 



be connected together to form an exocyclic substituent residue comprising 1 to 6 ring 
carbon atoms and from 0 to 3 optional ring heteroatoms selected from O, S, or N. 




15 



Some embodiments of the invention relate to compounds of the invention 
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The Ario residue is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 
residue. Although not wishing to be bound by theory, the compounds of the invention, 
including the Ario radical and/or its various substituents are selected so as to have a 
geometry, size, and polarity that is suitable to allow the compounds of the invention to 
5 interact with and substantially fill, yet fit within, the binding regions of the target 

biological molecules, so as to contribute to the effective binding of the compounds to 
the binding sites in the biological target molecules. Therefore, in some embodiments, 
the Ario radical or residue, together with all its associated substituent radicals together 
comprise firom 2 to 1 8 carbon atoms, or firom 3 to 16 carbon atoms, or fi:om 4 to 12 

10 carbon atoms, or firom 5 to 10 carbon atoms. 

In many embodiments, Ario comprises from 3 to 6 ring carbon atoms and from 0 
to 3 optional ring heteroatoms selected from O, S, or N. The aryl and heteroaryl rings 
(whether substituted or unsubstituted) include benzene, pyridine, pyrimidene, and 
pyrazine rings. The Axio residue is at least disubstituted in the sense that it is bonded to 

1 5 both the bicyclic residue and the carbon atom connecting to the heterocyclic ring 

comprising W, X, Y and Z. The Ario residue can have any ring substitution geometry 
(i.e. the bicyclic reside and the carbon atom substituents can be any of ortho, meta, and 
para with respect to each other. 



20 relating to the use of the compounds as agents for the treatment of diabetes, lipid or 
carbohydrate metabolism, or adipocyte differentiation, compounds having an Ario 
residue with a *'meta'' ring geometry can be unexpectedly advantageous. Examples of 
such meta substituted Ario residues include compounds of the Formulas (315a), (315b), 



Nevertheless, it has been found that in certain embodiments, especially those 



(315c) or (315d): 




25 




R233 
(315b) 
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R233 
(315c) 



(315d) 



The R2305 R23U R232 and R233 substituents for Atio are independently selected 
from hydrogen, alkyl, substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono-substituted 
5 amino, di-substituted amino, alkylsulfonamide, substituted alkylsulfonamide, 
arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, 
substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, substituted 
alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, alkoxy, 
substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, 
10 carboxy, carboalkoxy, alkylcarboxamide, substituted alkylcarboxamide, 

dialkylcarboxamide or substituted dialkylcarboxamide. In many embodiments, each of 
the R230, R23b R232 and R233 substituents, if they are an organic residue or radical, will 
comprise between 1 to 8 carbons, or 1 to 6 carbons, or 1 to four carbons. 



15 by theory, it is believed that such substituents can unexpectedly improve the activity of 
the compounds as agents for modulating lipid or carbohydrate metabolism, adipocyte 
differentiation, and/or producing anti-diabetic and/or anti-cholesteremic activity. In 
some embodiments, preferred R125, residues are an alkyl, substituted alkyl, haloalkyl, 
alkoxy, substituted alkoxy, haloalkoxy, halogen, amino, mono-substituted amino, or 

20 disubstituted amino residue, particularly those comprising from 1 to 6 carbons, or 1 to 
four carbons. 



In some embodiments R230 is not hydrogen. Although not wishing to be bound 



In some embodiments Ario is Formula (317a), (317b), (317c) or (317d): 





R233 
(317b) 



29 



wo 03/075858 



PCT/US03/07240 




(317c) 



(317d) 



wherein R231, R232 and R233 are independently or together hydrogen or halogen. 

In some embodiments represents a bond present, and therefore there is a 

carbon-carbon double bond between the carbon atom bonded to the R211 substituent and 
5 the heterocycle comprising the W, X, Y, and Z radicals, and the compound is a 
"benzylidene" compound having Formula (320): 



In some embodiments represents a bond absent, and therefore there is a 

carbon-carbon single bond between the carbon atom bonded to the R211 substituent and 
1 0 the heterocycle comprising the W, X, Y, and Z radicals, and the compound is a 
"benzyl" compound having Formula (322): 



In some embodiments R211 is hydrogen, alkyl, substituted alkyl, hydroxy, 
alkoxy or haloalkoxy. In some embodiments R211 is hydrogen or alkyl. In many 
1 5 embodiments, R21 1 is hydrogen. 

The compounds of the invention can also be described more narrowly than the 
first and second genuses of embodiments described above. Two examples of such 
narrower descriptions are set forth below, but the meanings of the various relevant 




R200 



(320) 




R200 



(322) 
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terms and symbols are intended the same as those same temis and symbols as described 
in the more detailed descriptions set forth above. 

In one narrower description of the invention, the invention relates to a 
compound having the structxire 



5 




has the structure 




wherein R200 comprises 1 to 10 carbon atoms and is selected from the 
group consisting of an alkyl, haloalkyl, halogen, cyano, nitro, hydroxy!, 
acyloxy, amino, mono-alkyl- amino, dialkyl-amino, alkylsulfonamide, 
arylsulfonamide, heteroarylsulfonamide, acyl, alkylcarbamate, 
1 5 arylcarbamate, alkylthiocarbamate, aryl, heteroaryl, alkoxy, haloalkoxy, 

thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, or dialkylcarboxamide; 

R201 and R202 are independently selected from hydrogen or a 

halogen; and 

20 R203» R207 and R208 are independently selected from hydrogen or 

an alkyl comprising 1 to 4 carbon atoms, 
b) W, X, Y and Z form a heterocycle having the structure 
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10 



15 



20 




o , 



o 

^ N 




H 

S . 




O 




H 



C) 

d) 



is either present or absent; 

Ario has the structure 
R231 

•R232 

or 




232 



or 




or 



232 



233 



wherein R230, R23U R232 and R233 are independently selected from 
hydrogen, alkyl, haloalkyl, halogen, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, acyl, alkoxy, haloalkoxy, 
thioalkyl, alkylsulfoxide, alkylsulfonyl, carboxy, carboalkoxy, 
alkylcarboxamide, or dialkylcarboxamide, with the proviso that R230 is 
not hydrogen; and 

R211 is hydrogen or an alkyl having from 1 to 4 carbon atoms; 
or a pharmaceutically acceptable salt thereof. 

In yet another embodiment, the invention relates to a compound having the 
structure 



-X 



e) 




^200 



wherein: 

a) R200 comprises 1 to 10 carbon atoms and is selected from the group 
consisting of an alkyl, haloalkyl, halogen, cyano, nitro, hydroxyl, 
acyloxy, amino, mono-alkyl-amino, dialkyl-amino, alkylsulfonamide, 
arylsulfonamide, heteroarylsulfonamide, acyl, alkylcarbamate. 
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arylcarbamate, alkylthiocarbamate, aryl, heteroaryl, alkoxy, haloalkoxy, 
thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, or dialkylcarboxamide; 



b) W, X, Y and Z form a heterocycle having the structure 




R233 ' R233 
wherein R231, R232 and R233 are independently selected from hydrogen or 
a halogen. 

The compounds disclosed herein can exist in various tautomeric forms. For 
example, 2,4-thiazolidinedione-containing compounds disclosed herein can exist in the 
form of tautomers (324a), (324b) and (324c). 
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It is understood by those skilled in the art that tautomers can also exist with 
compoiinds of the invention that contain the heterocycle 2-thioxo-thiazolidine-4-one, 
2,4-imidazolidinedione or 2-thioxo-iniidazolidine-4-one. For convenience, all of the 
tautomers can be presented herein by a single formula, but it is understood that all 
tautomers are within the scope of the invention. 

When is present both E and Z configurations are within the scope of the 

invention. For example, 2,4-thiazolidinedione and 2-thioxo-4-thiazolidinedione 
compounds of the invention can have the following structures respectively: 




10 

When only one of the two isomers is shown in this specification or in the 
claims, it should be presumed that both isomers and mixtures thereof are intended 
unless the context makes it plain that only a single isomer is intended. 

The compounds disclosed herein can also include salts of the compounds, such 
15 as salts with cations. Cations with which the compoimds of the invention can form 
pharmaceutically acceptable salts include alkali metals, such as sodium or potassium; 
alkaline earth metals, such as calcium; and trivalent metals, such as aluminum. The 
only constraint with respect to the selection of the cation is that it should not 
imacceptably increase the toxicity. 
20 As already noted above, the 5 membered heterocyclic ring radical comprising 

the W, X, Y, and Z groups form one of four heterocycles, selected from a 2,4- 
thiazolidinedione, 2-thioxo-thiazolidine-4-one, 2,4-imidazolidinedione or 2-thioxo- 
imidazolidine-4-one residue, which can be collectively termed "HAr" heterocycles. The 
four possible HAr heterocylic residues are shown in the drawing below: 
Q o q 9 




H ^ 
25 2,4-thiazolidinedione 2-thioxo-thiazolidine-4-one 2,4-imidazoIidinedione 2-thioxo-imida2olidine-4-one 
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All foxir of the HAr heterocycles shown above comprise at least one ring 

nitrogen atom bonded to a hydrogen atom. The nitrogen-bound hydrogen atoms of all 

foxir of the HAr heterocyles are sufficiently acidic so as to react with common 

laboratory bases such as organic amine compounds, hydroxide salts, and the like. 

5 The acidity of the four HAr heterocycles provides a ready method for preparing 

salts of the compounds of the invention, by reaction with an appropriate base, so as to 

generate an anion from the compound of the invention and a cation derived from the 

base employed. The salts formed by such reactions have the structure 

O 

|=^N Cation® 

10 A wide variety of bases can be employed to produce such salts, including 

monovalent alkali metal hydroxides, divalent alkaline earth metal hydroxides, or bases 
comprising trivalent metal salts such as aluminum. Altematively, organic bases such as 
primary, secondary, or tertiary amines can react with the acidic hydrogens of the 
compounds of the invention to form ammonium salts. The base and/or its associated 

15 cation can be chosen so as to provide desirable solubility, toxicity, and/or 

bioavailability characteristics in the salt after formation of the desired salts. The 
identity of the base and/or the resulting cation will of course vary somewhat with the 
identity of the compound of the invention, and the nature of the pharmaceutical 
composition to be employed and its physical form as a solid or liquid, and the nature of 

20 any solvents and/or carriers to be employed. 

The United States Food and Drug Administration has published a list of 
pharmaceutically acceptable cations for pharmaceutically acceptable salts that includes 
aluminum, calcium, lithium, magnesium, potassium, sodiimi, and zinc cations, 
ammonium cations formed by the reactions of acidic compounds with benzathine, 

25 chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine, procaine, t- 
butylamine, and tris(hydroxymethyl)aminomethane ("Tris"). Such "pharmaceutically 
acceptable" salts are often employed and/or evaluated for use in the invention simply 
because of the likelihood of decreased FDA regulatory scmtiny of Example 25 provides 
an example of the synthesis of a particularly usefiil "Tris" ammonium salt of one of the 

30 compoimds of the invention. 
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Also, one or more compounds disclosed herein can include zwitterionic salts 
formed by reaction of a nitrogen contained internally within the compoxmd, such as an 
amine, aniline, substituted aniline, pyridyl and like residues with the acidic hydrogen of 
the HAr group. Alternatively, a basic nitrogen contained intemally within the 
5 compound can be reacted with an external acid, such as HCl, sulfuric acid, a carboxylic 
acid or the like. 

The present invention provides, but is not limited to, the specific compounds set 
forth in the Examples. 

MAKING COMPOUNDS OF THE INVENTION 

10 Various synthetic methods can be employed in the making of the compounds 

disclosed herein. A representative set of synthetic pathways is shown in Figures 4-7 for 
the making of the aryl group that can be used in the coupling with Atio and 
subsequently to the compounds of Formula (300). One method, for example as shown 
in Figure 4, includes the use of anisole (330) that can be alkylated with, for example, 

15 3-chloro-2-methyl-propene, to give anisole (331). By selecting the desired chloro- 
propene the groups R207R208 can be introduced into compounds of the invention. 
Anisole (331) is subsequently cyclized in the presence of pyridine hydrochloride and 
quinoline with heat to give the dihydro-benzofuran (332). The dihydro-benzofuran 
(332) can be iodinated to compound (333) and subsequently coupled using methods 

20 described below herein to give biaryl (334). Different groups can be introduced at this 
stage in the synthesis. For example, biaryl (334) can undergo another coupling 
reaction, such as a Suzuki coupling reaction and other methods described herein below, 
to give biaryl (335) wherein different heteroaryls or aryl groups can be introduced as 
shown in Figure 4. 

25 Another method, for example shown in Figure 5, includes the use of aryl thiol 

(336) that can be alkylated with an alpha-halo acetate to give ester (337). The ester can 
be converted to a 3° alcohol (338) by methods known in the art, such as through a 
Grignard reagent. The groups R207R208 can be introduced into compounds of the 
invention by the selection of the appropriate Grignard. Alcohol (338) is cyclized using, 

30 for example, a Lewis acid, such as AICI3, to give dihydro-benzothiophene (339). In a 
similar manner as described above herein, dihydro-benzothiophene (339) can be 
iodinated to compound (340). Compound (340) can be converted to biaryl (341) and 
subsequently modified to biaryl (342). Coupling reactions to biaryls wherein a sulfur is 



36 



wo 03/075858 



PCT/US03/07240 



present in the molecule can provide difficulties with certain catalyses. However, there 
are various procedures in the art that allow such couplings in the presence of a sulfur 
atom, such as, Cram, et al., J, Org. Chem, 55:4622-4634 (1990) and Savarin, et al., 
Org. Letters 3:2149-2152 (2001). 
5 Another method, for example shown in Figure 6, includes the use of aniline 

(343) that can be cyclized in a similar manner as described by Kraus, et al. Tetrahedron 
Letters 40:2039-2040 (1999) to give dihydro-indole (344). At this stage, R203 can be 
introduced by allowing R203-LG to react with the nitrogen anion of dihydro-indole 

(344) , wherein LG is a leaving group, such as, for example, CI, Br, I, OTf, and the like 
10 to give dihydro-indole (345). Dihydro-indole (345) can be iodinated to give dihydro- 
indole (346) and using methods described herein above dihydro-indole (346) is 
converted to biaryl (347) and subsequently into aryl or heteroaryl modified biaryl 
(348). It will be appreciated that biaryls (334), (341) and (347) can be converted into a 
boron derivative, such as a boron ester or boronic acid, and subsequently coupled with 

1 5 an aryl or heteroaryl halide to give the corresponding coupled biaryl (335), (342) and 
(348) respectively. 

Another method, for example shown in Figure 7, uses aryl bromide (349) to 
prepare a variety of R200 groups. For example, aryl bromide (349) can be converted to 
aldehyde (350) through an aryl lithium interaiediate and DMF or equivalent thereof 

20 Aldehyde (350) can be oxidized using methods in the art, such as, KMn04 or similar 
oxidant, to give carboxylic acid (351). Carboxylic acid (351) can either be coupled 
with a variety of amines, such as, for example, dimethyl amine, to give amide (352) or 
allowed to undergo a Curtius Rearrangement to give aniline (356), Such 
rearrangements can be accompUshed using, for example, diphenylphosphorylazide. 

25 Aniline (356) can be allowed to react with a variety of electrophiles such as, for 

example, acetyl choride to give amide (357). Aldehyde (350) can also under reductive 
amination with amines in the presence of reducing reagents, such as, for example, 
sodium cyanoborohydride, to give amine (359). Aldehyde (350) can also be reduced to 
give benzyl alcohol (360) and subsequently converted to ether (361) using a base and 

30 an alkyl-LG, wherein LG is a leaving group such as those described above herein. Aryl 
bromide (349) can also be converted into an aryl lithium intermediate, in a manner 
described above, and allow to react with an aldehyde or ketone, for example 
isobutyraldehyde, to give alcohol (353). Alcohol (353) can either be oxidized to ketone 
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(354) or deoxygenated using, for example, triethylsilane in TFA, to give arylalkyl 

(355) . Aryl bromide (349) can also be converted into benzonitrile (358) using methods 
known in the art, such as CuCN in quinoline with heat. Benzonitriles can be converted 
into a variety of heterocycles using methods known in the art, 

5 Various synthetic methods can be employed in coupling the aryl or heteroaryl 

together with Ario of Formula (300). A representative set of synthetic pathways is 
shown in Figure 8. One method, for example, includes coupling a boronic acid of 
Formula (362), R240 = H, with a suitable carbonyl-containing aryl of Formula (364), 
such as R250 = Br, I, CI, triflate or the like, to give biaryl (366) that is substituted with a 

10 carbonyl group, such as a formyl group (i.e., R211 = H). Altematively, boronic acid 
(362) can be coupled with aryl (368), such as when R250 = Br, I, CI, triflate or the like, 
to give biaryl (370) that is subsequently formylated using techniques known in the art, 
such as the Vilsmeier or the Vilsmeier-Haack reaction, the Gatterman reaction, the Duff 
reaction, the Reimer-Tiemaim reaction or a like reaction. Coupling reactions such as 

15 tiiat described for the formation of Biaryl (366) and (370) can also be conducted using 
boronic esters, such as where R240 together with the boron from a pinacol borate ester 
(formation of pinacol esters: Ishiyama, T., et al., J. Org. Chem. 1995, 60, 7508-7510, 
Ishiyama, T., et al., Tetrahedron Letters 1997, 38, 3447-3450; coupling pinacol esters: 
Firooznia, F. et al., Tetrahedron Letters 1999, 40, 213-216, Manickam, G. et al., 

20 Synthesis 2000, 442-446; all four citations incorporated herein by reference). In the 
example for aryl (368) when R250 is a triflate, it can easily be obtained by known 
methods from the corresponding phenol, 

Biaryl (370) can also be acylated, for example by the Friedel-Crafts Acylation 
reaction (using an acid chloride) or the like to give biaryl (366) where R211 is not 

25 hydrogen. Altematively, in a two step manner, biaryl (370) is formylated by first 

performing a halogenation step to give biaryl (372), such as a bromination, followed by 
a halogen-metal exchange reaction using an alkyl lithium or lithium tributylmagnesate 
complex as described by lida, et. al. in Tetrahedron Letters 2001, 42, 4841-4844 and 
reaction with DMF or equivalent known in the art to give biaryl (366) where R211 is H. 

30 In an alternative manner, the coupUng can take place between aryl (382), such 

as where R250 = Br, I, CI, triflate or the like, and boronic acid (384, R240 = H or alkyl) to 
give the above mention biaryl (366). Also aryl (382) can be coupled with boronic acid 
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(386) to give biaryl (370). Employing the same strategy as described above biaryl 
(370) can be converted to biaryl (366). 

Coupling of two aryl rings can be conducted using an aryl boronic acid or esters 
with an aryl halide (such as, iodo, bromo, or chloro), triflate or diazonium 
5 tetrafluoroborate; as described respectively in Suzuki, Pure & Applied Chem,, 66:213- 
222 (1994), Miyaura and Suzuki, Chem. Rev. 95:2457-2483 (1995), Watanabe, 
Miyaura and Suzuki, SynletL 207-210 (1992), Littke and Fu, Angew, Chem, Int. Ed., 
37:3387-3388 (1998), Indolese, Tetrahedron Letters, 38:3513-3516 (1997), Firooznia, 
et. al., Tetrahedron Letters 40:213-216 (1999), and Darses, et. aL, Bull Soc, Chim. Fr. 
10 133: 1095-1 102 (1996); all incorporated herein by reference. According to this 
coupling reaction, precursors such as (362) and (364) can be employed: 



where R240 is either alkyl, cycloalkyl (i.e., pinacol) or hydrogen and R250 is a halide 
(such as, iodo, bromo, or chloro), triflate or diazonixmi tetrafluoroborate. Alternatively, 
15 it is understood that the coupling groups can be reversed, such as the use of (382) and 
(384), to achieve the same coupling product: 



where R240 and R250 have the same meaning as described above. The preparation of the 
above mentioned precursors can be prepared by methods readily available to those 
skilled in the art. For example, the boronic ester can be prepared from aryl (382, where 
20 R250 = halide, such as bromo) by conversion of the halide to the corresponding aryl 




N — M 
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lithium, followed by treatment with a trialkyl borate. Methods are know in the art to 
prepare pinacol boronic esters from trfilates, such as aryl (382, where R250 = triflate). 
The coupling reaction can also be conducted between an arylzinc halide and an aryl 
haUde or triflate. Alternately, the coupling reaction can also be executed using an aryl 
5 trialkyltin derivative and an aryl halide or triflate. These coupling methods are 
reviewed by Stanforth, Tetrahedron 54:263-303 (1998) and incorporated herein by 
reference. In general, the utilization of a specific coupling procedure is selected with 
respect to available precursors, chemoselectivity, regioselectivity and steric 
considerations. 

10 Condensation of the biaryl carbonyl containing derivatives (e.g., Figure 8, 

compound (366)) with a suitable active methylene compound, such as, 2,4- 
thiazolidinedione, can be accomplished by the use of methods known in the art. For 
example, the biaryl carbonyl product from the coupling reaction can be condensed with 
an active methylene compound to give a benzylidene compound of Formula (300) 

15 (i.e., is a bond) as described by Tietze and Beifuss, Comprehensive Organic 

Synthesis (Pergamon Press), 2:341-394, (1991), incorporated herein by reference. It is 
understood by those skilled in the art that intermediates having hydroxyl groups bonded 
thereto can be formed during condensation of a biaryl carbonyl containing derivative 
and an active methylene compound, as shown below. 




The hydroxyl groups of benzylic intermediates such as (367) are often 
eliminated (as water) during the condensation reaction, to form the desired benzylidene 
compound. Nevertheless, the conditions of the reaction can be modified for the 
isolation or further use of hydroxyl containing intermediates, and such embodiments 



25 are within the scope of the invention. Effective catalysts for the condensation can be 
selected from ammonia, primary, secondary and tertiary amines, either as the free base 
or the amine salt with an organic acid, such as acetic acid. Examples of catalysts 
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include pyrrolidine, piperidine, pyridine, diethylamine and the acetate salts thereof. 
Inorganic catalysts can also be used for the condensation. Inorganic catalysts include, 
but are not limited to, titanium tetrachloride and a tertiary base, such as pyridine; and 
magnesium oxide or zinc oxide in an inert solvent system. This type of condensation 
5 can be strongly solvent-dependent and it is understood that routine experimentation 
may be necessary to identify the optimal solvent with a particular catalyst, preferable 
solvents include ethanol, tetrahydrofuran, dioxane or toluene; or mixtures thereof 

In order to prepare the reduced benzylic heterocycles such as compound (380), 
the carbonyl group of biaryl (366) can be reduced, such as with sodium borohydride, 

10 diisobutyl aluminum hydride, or the like, to give benzyl alcohol (376, R260 = OH) and 
converted to benayl bromide (378, R260 = Br) with HBr or some other method known in 
the art, such as PPh3/CBr4 or converted to another leaving group, such as, for example, 
mesylate or iodide. Benzyl bromide (378, R260 = Br) or like compound is allowed to 
react with the anion(s) of precursors of HAr(l), HAr(2), HAr(3), or HAr(4), such as a 

1 5 deprotonated anion of 2,4-thiazolidinedione, to give a heterocyclic biaryl (380) . 

Alternatively, reduced benzylic biaryls of formula (380), can be prepared by a 
reduction of the benzylidene compound (374), using methods known in the art such as 
hydrogenation in the presence of Pd/C, Mg/MeOH, LiBH4 in THF/pyridine and the 
like. A number of methods suitable for reducing benzylidene compounds to benzyl 

20 compounds (including hydrogenation, reaction with metal hydride reagents, or 

dissolving metal reductions) are known to those of skill in the art, and those methods 
can be applied in the methods of the instant invention. 

Some of the compounds of the invention, comprise a "bicyclic" residue or 
radical of the following formula: 



wherein the L, M, N, Q and T radicals or residues can be selected from -S-, - 
S(0)-, or -S(0)2-. Compoxmds of formulas (305b) or (305e) are examples of such 
compounds comprising an — S- group. Such thioether compounds can be prepared from 
benzenethiol precursors, as will be apparent to those of ordinary skill in the art. The 




R200 



25 
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10 



15 



corresponding sulfoxides and sulfones can be readily prepared by selective oxidation of 
the thioether compounds. For example, appropriate thioether synthetic precursors can 
be oxidized in a selective maimer with m-chloroperbenzoic acid to provide the 
sulfoxide compound. The sulfoxide can be further oxidized v^ith additional m- 
chloroperbenzoic acid, or with hydrogen peroxide in acetic acid, as described by Zask 
et al, J. Med, Chem, 33:1418-1423 (1990), to provide the sulfone compounds, as is 
suggested below. 




MCPBA 




MCPBA 
^ or H2O2 



R206 >J 

7^s=o 

R207- 




R202 

R200 ^200 

In view of the teachings and disclosures above, in some aspects, the invention 
relates to methods for preparing the compoimds of the invention, wherein the method 
comprises 

a) coupling 

i) a bicyclic heterocycle precursor compoxmd having the structure 




^^202 



R2OO 



ii) 



with an Ario precursor compound having the structure 
|— Aric 



R211 



iii) 



to form a carbonyl containing precursor compound having the 
formula 



N— M 



Raor 



R202 



f^211 



R2OO 
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b) further reacting the carbonyl containing precursor compound so as to 
connect to the carbonyl of the carbonyl containing precursor the HAr 
heterocycle. 

The methods of making the compounds of the invention can also comprise one 
5 or more additional steps, including a step wherein the further reacting comprises 

condensing the carbonyl containing precursor compound with a compound having the 
formula 

/\ . /-^s 

After the compounds of the invention have been prepared, it would be desirable 
1 0 for many applications of the compoxmds to prepare a pharmaceutically acceptable salt. 
Many methods for preparing pharmaceutically acceptable salts are well known to those 
of ordinary skill in the art. One method that can readily be employed to prepare such 
salts would be to react the compotmds of the invention with a basic compound, such as 
a basic salt of a monovalent, divalent, or trivalent metal cation, or an organic amine, so 
15 as to remove an acidic hydrogen atom of the HAr group, so as to prepare a salt having 
the structure 

O 



. Cation 



The cation obtained by such acid/base reactions would of course depend upon 
the nature of the base used to prepare the pharmaceutically acceptable salt. Suitable 

20 cations and/or bases have already been disclosed hereinabove in the disclosures related 
to the various embodiments of the active compounds themselves. 

The various synthetic strategies and/or organic group transformations described 
hereinabove can be performed by a number of modified strategies and/or procedures 
other than those described above, as will be appreciated by those of ordinary skill in the 

25 art. References disclosing other synthetic procedures that can be utilized for the 

synthetic steps leading to the compounds disclosed herein can be found in, for example, 
March, J., Advanced Organic Chemistry, 4^^ Edition, Weiley-Interscience (1992); or 
Larock, R. C, Comprehensive Organic Transformations, A Guide to Functional Group 
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Preparations, VCH Publishers, Inc. (1989), both incorporated herein in their entireties 

by this reference. 

Pharmaceutical Compositions 

Although the compounds described herein can be administered as pure 

5 chemicals, it is often preferable to present the active ingredient as a pharmaceutical 

composition. Thus additional embodiments of the invention relate to the use of a 

pharmaceutical composition comprising one or more compoxmds and/or one or more 

pharmaceutically acceptable salts thereof, together with one or more pharmaceutically 

acceptable carriers thereof and, optionally, other therapeutic and/or prophylactic 

10 ingredients. The carrier(s) must be 'acceptable* in the sense of being compatible with 

the other ingredients of the composition and not overly deleterious to the recipient 

thereof. 

Pharmaceutical compositions include those suitable for oral, enteral, parental 
(including intramuscular, subcutaneous and intravenous), topical, nasal, vaginal, 

15 ophthalinical, sublingually or by inhalation administration. The compositions can, 

where appropriate, be conveniently presented in discrete unit dosage forms and can be 
prepared by any of the methods well known in the art of pharmacy. Such methods 
include the step of bringing into association the active compoxmd with liquid carriers, 
solid matrices, semi-solid carriers, finely divided solid carriers or combination thereof, 

20 and then, if necessary, shaping the product into the desired delivery system. 

Pharmaceutical compositions suitable for oral administration can be presented 
as discrete unit dosage forms such as hard or soft gelatin capsules, cachets or tablets 
each containing a predetermined amoimt of the active ingredient; as a powder or as 
granules; as a solution, a suspension or as an emulsion. The active ingredient can also 

25 be presented as a bolus, electuary or paste. Tablets and capsules for oral administration 
can contain conventional excipients such as binding agents, fillers, lubricants, 
disintegrants, or wetting agents. The tablets can be coated according to methods well 
known in the art., e.g., with enteric coatings. 

Oral liquid preparations can be in the form of, for example, aqueous or oily 

30 suspensions, solutions, emulsions, syrups or elixirs, or can be presented as a dry 

product for constitution with water or other suitable vehicle before use. Such Hquid 
preparations can contain conventional additives such as suspending agents, emulsifying 
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agents, non-aqueous vehicles (which can include edible oils), or one or more 
preservative. 

The compounds can also be formulated for parenteral administration (e.g., by 
injection, for example, bolus injection or continuous infusion) and can be presented in 
5 unit dose form in ampules, pre-filled syringes, small bolus infusion containers or in 
multi-does containers with an added preservative. The compositions can take such 
forms as suspensions, solutions, or emulsions in oily or aqueous vehicles, and can 
contain formulatory agents such as suspending, stabilizing and/or dispersing agents. 
Altematively, the active ingredient can be in powder form, obtained by aseptic isolation 

10 of sterile solid or by lyophilization from solution, for constitution with a suitable 
vehicle, e.g., sterile, pyrogen-free water, before use. 

For topical administration to the epidermis, the compounds can be formulated as 
ointments, creams or lotions, or as the active ingredient of a transdermal patch. 
Suitable transdermal delivery systems are disclosed, for example, in Fisher et al. (U.S. 

15 Patent (No. 4,788,603, incorporated herein by reference) or Bawas et al. (U.S. Patent 
No. 4,931,279, 4,668,504 and 4,713,224; all incorported herein by reference). 
Ointments and creams can, for example, be formulated with an aqueous or oily base 
with the addition of suitable thickening and/or gelling agents. Lotions can be 
formulated with an aqueous or oily base and will in general also contain one or more 

20 emulsifying agents, stabilizing agents, dispersing agents, suspending agents, thickening 
agents, or coloring agents. The active ingredient can also be delivered via 
iontophoresis, e.g., as disclosed in U.S. Patent Nos. 4,140,122, 4383,529, or 4,051,842; 
incorporated herein by reference. 

Compositions suitable for topical administration in the mouth include unit 

25 dosage forms such as lozenges comprising active ingredient in a flavored base, usually 
sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert 
base such as gelatin and glycerin or sucrose and acacia; mucoadherent gels, and 
mouthwashes comprising the active ingredient in a suitable liquid carrier. 

When desired, the above-described compositions can be adapted to provide 

30 sustained release of the active ingredient employed, e.g., by combination thereof with 
certain hydrophilic polymer matrices, e.g., comprising natural gels, synthetic polymer 
gels or mixtures thereof. 
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The pharmaceutical compositions according to the invention can also contain 
other adjuvants such as flavorings, coloring, antimicrobial agents, or preservatives. 

Biological Activity of the Compounds 

The compounds of the present invention have been found to be active in a 

5 number of biological assays, both in vitro and in vivo, that correlate to, or are 
representative of, human diseases. 

In-Vitro Screening for Adipocyte Differentiation. The compounds of the 
invention can induce the differentiation of preadipocytes into adipoc5^es. Once 
preadipocytes become differentiated, they tend to accumulate lipids, and the increasing 

10 lipid content of the differentiated cells can be readily detected. This activity (Harris 
and Kletzien, Mol Pharmacol, 45:439-445 (1994); Willson et al., J. Med, Chem, 
39:665-668 (1996)) has been observed for certain compounds that have antidiabetic 
activity in humans (Teboul et al., J, Biol Chem, 270:28183-28187 (1995)), and assays 
for adipocyte diffentiation activity have been employed by those in the art to screen 

15 new compounds for anti-diabetic activity. 

As illustrated in Example 21 and Figure 1, a number of the compounds whose 
synthesis is detailed in Examples 1-19 were found to induce the differentiation of 3T3- 
Ll pre-adipocytes in in- vitro tests, when applied at concentrations of 1 x 10'^ Molar 
and lower. For comparative purposes only. Figure 1 shows the comparative adipocyte 

20 differentiation activity of compound 20 (5-[3-(3,5,5,8,8-Pentamethyl-5,6,7,8- 

tetrahydro-naphthalen-2-yl)-4-trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, 
which was disclosed as active for both adipocyte differentiation and for the treatment of 
diabetes in U.S Patent No. 6,515,003). As can be seen in Figure 1, a number of the 
bicyclic compounds of the invention have adipocyte differentiation activity that is at 

25 least comparable to that of comparative compound 20. 

Therefore, one method for assaying the biological activity of the compounds of 
the invention is conduct an assay as described in Example 21, and any compound that 
induces adipocyte differentiation at a concentration of less than or equal to about 1 x 
10"^ M, can be considered to have biological activity that is related to potential 

30 treatment of diabetes and/or related disorders of carbohydrate and/or lipid metabolism. 
In order to demonstrate the activity of the various compounds of the invention for 
effectiveness and/or activity for adipocyte differentiation, the compound can be applied 
at a concentration of about 1 x 10"^ M for a period of about 7 days, to mouse 
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preadipocyte 3T3-L1 cells, and measure the increase the lipid content of the cells. The 
compounds can be considered active for adipocyte differentiation if the lipid 
accumulation induced is at least about 20%, or at least about 40%, of the lipid 
accumulation induced by 5-[3-(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydro-naphthalen-2- 
5 yl)-4-trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione when it is applied to 

control cultures of mouse preadipocyte 3T3-L1 cells at a concentration of about 1x10"^ 
M. 

In-Vivo Screening for Biological Activity Using Mouse Models of Human 
Diseases The ability of the compounds to function as antidiabetic molecules and/or 

10 modulators of carbohydrate and/or lipid metabolism can be demonstrated in animal 
models. These models include among others, db/db mice, oblob mouse, and KKA^ 
mice. Accordingly, the biological activity of the compounds of the invention has been 
demonstrated in experiments employing the KKA^ mouse. A procedure for such 
experiments was described in detail in Iwatsuka, et aL, 1970 General Survey of 

15 Diabetic Features of Yellow KK Mice. Endocrinol. Japon, 17: 23-35, incorporated 
herein by reference. The testing of the compounds of the invention was conducted as 
described in Example 22. The animals were treated with a single daily oral dose of 15 
mg/kg of the test compound suspended in sesame oil (dose volume of 3-5ml/kg). At 
the end of one and two weeks of treatment the animals were bled from the tail vein and 

20 their serum glucose and triglycerides and/or cholesterol was measured in duplicate. 

The results of the testing of compounds 1 , 6, and 9 of the invention are shown in 
Figures 2 and 3. As can be seen in Figure 2, all three compounds significantly 
lowered the serum glucose level of the treated rats, as compared to a control. 
Unexpectedly, as can be seen in Figure 3, all three compounds simultaneously lowered 

25 the serum triglyceride levels of the treated animals as compared to a control. The 
simultaneous decrease of both serum glucose and serum triglycerides in the animals 
was particularly unexpected and surprising in view of the known tendency of certain 
already approved drugs for the treatment of diabetes to aggravate problems related to 
lipid metabolism. 

30 In view of these experiments in the KKA-^ mice, the compounds of the invention 

have demonstrated oral bioavailability. Oral bioavailability allows for oral dosing for 
use in chronic diseases such as diabetes, with the advantage of self-administration and 
decreased cost over other means of administration. 
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Compounds showing efficacy in lowering serum glucose and which do not 

increase serum triglycerides, or preferably, compounds that simultaneously lower 

glucose and triglyceride levels in the KKA^ mouse model, can be further tested in 

additional in vivo model animals known in the art, such as those involving , dbldb, 

5 ob/ob, and Sprague Dawley rats. The ability of a compoxmd to reduce certain lipids 

such as cholesterol or to change the ratio of good versus bad cholesterol, i.e. HDL 

versus LDL, can be measured in animal models. One model commonly used is the 

diet-induced hypercholesterolemic Sprague Dawley rat. 

Methods for Treating Diseases 
1 0 The compounds described herein can be used effectively to prevent, alleviate or 

otherwise treat type 2 diabetes and/or related disease states in mammals, including 

humans. As is well known, type 2 diabetes is related to deficiencies in carbohydrate 

metabolism. Patients suffering from type 2 diabetes usually still produce insulin, 

which is directly involved in carbohydrate metabolism, but become increasingly 

15 resistant to their own insulin and to insulin therapy. The deficiencies in carbohydrate 
metabolism cause damaging increases in serum glucose concentration, causing 
potentially deadly side effects and/or damage general metabolism and/or vital organs. 

Methods of treatment comprising the administration of the compoxmds of the 
invention to an animal such a diabetic patient beneficially modulate carbohydrate 

20 metabolism. Carbohydrate metabolism can be up-regulated or down-regulated to either 
approach the level of carbohydrate metabolism in the animal or as compared to a 
control animal, or to deviate from the level of carbohydrate metabolism in an animal or 
as compared to a control animal. 

Therefore, in some embodiments, the invention relates to methods for treating 

25 type 2 Diabetes comprising administering to an animal, a mammal, or a human 

diagnosed as needing such treatment one or more compounds of the invention in an 
amount effective to decrease the serum glucose levels of the animal, mammal, or 
human. In some embodiments of the methods the compound is applied in an amount 
effective to decrease the serum glucose levels in the animal, mammal, or human by at 

30 least about 5%, or about 10%. 

Changes in carbohydrate metabolism can directly or indirectly also result in 
changes of lipid metabolism and, similarly, changes in lipid metabolism can lead to 
changes in carbohydrate metabolism. For example, in type 2 diabetes an increase in 
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free fatty acids in the patients leads to decreased cellular uptake and metabolism of 
glucose. 

Accordingly, the present invention also relates to methods for modulating lipid 
metabolism that relate to administration of a compound of the invention to an animal, 
5 mammal, or human so as to induce an increase of lipid content intracellular or 

extracellularly. For example, compoimds of the invention can induce macrophages to 
increase secretion of cholesterol into the extracellar medium. Cholesterol-loaded 
macrophage foam cells are a hallmark of atherosclerotic lesions [Gown et aL (1986) 
Am. J. Phathol. 125, 191-207]. Although advanced human atherosclerotic lesions 

10 contain other cell types, it has been suggested that the lipid-rich portion of the lesion is 
most prone to rupture and cause myocardial infarction (Ross, 1999). Removal of 
cholesterol from peripheral cells including macrophages, is a key process in the 
maintenance of whole body cholesterol homeostasis and prevention of atherosclerosis 
[Oram, J.F. (2002) Trends MoLMed. 8, 168-173]. This process involves efflux of 

15 excess cholesterol from peripheral cells towards nascent high density lipoprotein 

(HDL), followed by transport of the cholesterol to the liver, followed by hepatic uptake 
and secretion in the form of cholesterol or bile salt, and finally disposal into feces. 
Therefore, novel therapeutic agents that increase cholesterol efflux from macrophages 
in atherosclerotic lesions can be employed to treat patients with coronary artery disease, 

20 which is a disease that is often associated with diabetes. 

Modulation of lipid metabolism by the compounds of the invention can also 
induce a decrease of lipid content intracellularly or extracellularly. Modulation of 
metabolism can occur directly for example, through binding of the compound of the 
invention with its cognate receptor, which directly affects an increase or decrease in 

25 serum lipid content by up-regulation or down-regulation of a gene involved in lipid 

metabolism. Modulation of metabolism can also occur indirectly, for example, through 
binding of the compound of the invention with its cognate receptor, which up-regulates 
or down-regulates cellular differentiation or growth of cells that produce lipids, thereby 
indirectly causing lipid metabolism to be modulated. Modulation, also includes, for 

30 example, an increase in lipid metabolism, such that the lipid metabolism approaches 
that of a control. Likewise, modulation of lipid metabolism could be a decrease in the 
rate of lipid metabolism, such that the rate of lipid metabolism is less than or decreasing 
towards a control. 
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It is also to be understood that a variety of lipid molecules can be modulated. 
The compounds disclosed herein can modulate a single class of lipid molecules, such as 
triglycerides. Therefore, in some embodiments, the invention relates to methods for 
treating dyslipidemia comprising administering to an animal, a mammal, or a human 
5 diagnosed as needing such treatment one or more compounds of the invention in an 
amount effective to decrease serum triglyceride levels in the animal, mammal, or 
human, or as compared to serum triglyceride levels in control animals, mammals, or 
humans. In some embodiments, the compoimds of the invention are administered in an 
amount effective to decrease serum triglyceride levels by at least about 5%, or at least 
10 about 10%. 

The compounds disclosed herein can also modulate multiple classes of lipid 
molecules, including cholesterol. Therefore, in some embodiments the invention 
relates to a method of treating hypercholesterolemia comprising administering to an 
animal, mammal, or himian diagnosed as needing such treatment one or more 

15 compounds of the invention in an amount effective to treat the hypercholesterolemia. 
In some embodiments, the one or more compounds is applied in an amount effective to 
decrease serum cholesterol levels in the animal, mammal, or human, or as compared to 
a control animal, mammal, or human by at least about 5%, or at least about 10%. 

Surprisingly and quite unexpectedly, the methods of treatment that employ 

20 compounds of the invention for the treatment of diabetes have been shown to 

simulultaneously decrease both serum glucose and serum triglyceride levels in animal 
models for diabetes. 

The compounds disclosed herein can be either used singularly or plvirally, and 
pharmaceutical compositions thereof for the treatment of mammalian diseases, 

25 particularly those related to humans. Compounds disclosed herein and compositions 
thereof can be administered by various methods including, for example, orally, 
enterally, parentally, topically, nasally, vaginally, ophthalinically, sublingually or by 
inhalation for the treatment of diseases related to lipid metabolism, carbohydrate 
metabolism, lipid and carbohydrate metabolism such as polycystic ovary syndrome, 

30 syndrome X, type 2 diabetes, including disorders related to type 2 diabetes such as, 
diabetic retinopathy, neuropathy, macrovascular disease or differentiation of 
adipocytes. Routes of administration and doseages known in the art can be found in 
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Comprehensive Medicinal Chemistry, Volume 5, Hansch, C. Pergamon Press, 1990; 
incorporated herein by reference. 

The compositions can also be used as regulators in diseases of uncontrolled 
proliferation. The composition can be useful in the treatment of polycystic kidney 
5 disease and cancers such as, carcinomas, lymphomas, leukemias, and sarcomas. A 
representative but non-limiting list of cancers is lymphoma, Hodgkin's Disease, 
myeloid leukemia, bladder cancer, brain cancer, head and neck cancer, kidney cancer, 
lung cancers such as small cell lung cancer and non-small cell lung cancer, myeloma, 
neuroblastoma/glioblastoma, ovarian cancer, pancreatic cancer, prostate cancer, skin 

10 cancer, liver cancer, melanoma, colon cancer, cervical carcinoma, breast cancer, and 
epithelial cancer. Compounds disclosed herein can be used for the treatment of 
inflammatory diseases such as osteoarthritis, rheumatoid arthritis, Crohn's Disease, 
pulmonary fibrosis, and Inflammatory Bowel Disease. 

It will be further appreciated that the amount of the compoxmd, or an active salt 

15 or derivative thereof, required for use in treatment will vary not only with the particular 
salt selected but also with the route of administration, the nature of the condition being 
treated and the age and condition of the patient and will be ultimately at the discretion 
of the attendant physician or clinician. 

In general, one of skill in the art understands how to extrapolate in vivo data 

20 obtained in a model organism, such as a KKA^ mouse, an ob/ob or db/db mouse, to 
another mammal, such as a human. These extrapolations are not simply based on the 
weights of the two organisms, but rather incorporate differences in metabolism, 
differences in pharmacological delivery, and administrative routes. Based on these 
types of considerations, a suitable dose will, in alternative embodiments, typically be in 

25 the range of from about 0.5 to about 100 mg/kg/day, or from about 1 to about 75 mg/kg 
of body weight per day, or from about 3 to about 50 mg per kilogram body weight of 
the recipient per day. 

The compound is conveniently administered in imit dosage form; for example, 
in altemative embodiments, containing 0.5 to 1000 mg, 5 to 750 mg, most 

30 conveniently, or 10 to 500 mg of active ingredient per unit dosage form. 

One skilled in the art will recognize that dosage and dosage forms outside these 
typical ranges can be tested and, where appropriate, be used in the methods of this 
invention. 
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In separate embodiments, the active ingredient can be administered to achieve 
peak plasma concentrations of the active compoimd of from about 0.5 to about 75 jiM, 
about 1 to 50 |iM, or about 2 to about 30 jxM. This can be achieved, for example, by 
the intravenous injection of a 0.05 to 5% solution of the active ingredient, optionally in 
5 saline, or orally administered as a bolus containing about 0.5-500 mg of the active 

ingredient. Desirable blood levels can be maintained by continuous infusion to provide 
about 0.01-5.0 mg/kg/hr or by intermittent infusions containing about 0.4-15 mg/kg of 
the active ingredients. 

The desired dose can conveniently be presented in a single dose or as divided 
10 doses administered at appropriate intervals, for example, as two, three, four or more 
sub-doses per day. The sub-dose itself can be further divided, e.g., into a number of 
discrete loosely spaced administrations; such as multiple inhalations from an insufflator 
or by application of a plurality of drops into the eye. 

While flie invention has been described in connection with specific 
15 embodiments thereof, it will be understood that it is capable of further modifications 
and this application is intended to cover any variations, uses, or adaptations of the 
invention following, in general, the principles of the invention and including such 
departures from the present disclosure as come within known or customary practice 
within the art to which the invention pertains and as can be applied to the essential 
20 features hereinbefore set forth, and as follows in the scope of the appended claims. 

The following examples are given to illustrate the invention and are not 
intended to be inclusive in any manner. 

EXAMPLES 

25 Example 1: 5-[3-(5-Isobutyl-3,3-dimethyl-2,3-dihydro-ben2ofuran-7-yl)-4- 

trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 1." 
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A mixture of toluene (35 mL), piperidine (145 ^iL), acetic acid (145 [iL), 3-(5- 
isobutyl-33-dimethyl-23-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde 
(5.7 g, 14.53 mmol) and 2,4-thiazolidinedione (1.7 g, 14.53 mmol) was heated at reflux 
for 20 hrs. The reaction mixture was cooled to room temperature, diluted with ethyl 

5 acetate, washed with water and brine, dried over MgS04, filtered and evaporated. The 
residue was chromatographed on silica gel (0 to 20% ethylacetate in hexane) and 
further recrystallised from ethanol/water to afford 5.15 g (72 %) of 5-[3-(5-Isobutyl- 
3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzylidene]- 
thiazolidine-2,4-dione. mp 142-146 °C. ^H-NMR (300 MHz, DMSO-d-6): 0.87 (d, J = 

10 6.9 Hz, 6 H), 1.31 (s, 6 H), 1.81 (m, 1 H), 2.44 (d, /= 6.9 Hz, 2 H), 4.19 (s, 2 H), 6.91 
(d, J= 1.5 Hz, 1 H), 7.07 (d, J= 1.5 Hz, 1 H), 7.58 (d, 7 = 8.4 Hz, 1 H), 7.70 (dd, Ji = 
8.4 Hz, J2= 2.4 Hz, 1 H), 7.75 (d, /= 2.1 Hz, 1 H), 7.86 (s, 1 H), 12.70 (br s, 1 H). 
The intermediate 3-(5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde was prepared as follows: 

15 a. 3-(5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 

trifluoromethoxy-benzaldehyde. 

A mixture of 3-bromo-4-trifluoromethoxy benzaldehyde (example Ih) (4.24 g, 
15.75 mmol), 5-isobutyl-3,3-dimethyl-2,3-dihydro-ben2ofiiran-7-borotuc acid (4.3 g, 
17.33 mmol) and potassium carbonate (4.35 g, 31.5 mmol) in toluene (39 mL), etiianol 

20 (7.5 mL) and water (2.5 mL) was degassed with argon for 15 minutes. 

Tetrakis(triphenylphosphine)palladium(0) (0.728 g, 0.63 mmol) was added and 
the mixture heated at reflux under argon for 20 hrs. The solution was cooled to room 
temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 

25 purified on siUca gel (0 to 5% ethyl acetate in hexane) to give 5.76 g of 3-(5-isobutyl- 
3 ,3 .dimethyl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde (93 %). 
'H NMR (300 MHz; CDCI3): 0.92 (d, J= 6.9 Hz, 6 H), 1.36 (s, 6 H), 1.84 (m, 1 H), 
2.47 (d, J= 7.5 Hz, 2 H), 4.22 (s, 2 H), 6.92 (d, J= 4.8 Hz, 2 H), 7.46 (dd, J= 1.5 Hz 
and 8.7 Hz, 1 H), 7.90 (dd, J= 2.1 Hz and 8.7 Hz, 1 H), 8.03 (d, J= 2.1 Hz, 1 H), 

30 10.03 (s, 1 H). 

b. 5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofiiran-7-boronic acid. 
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To a mixture of 7-bromo-5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran (9.9 
g, 34.96 mmol) in THF (50 mL) cooled to -78°C under an atmosphere of argon was 
added «-BuLi (25.17 mL, 2.5 M, 62.93 mmol) dropwise. The reaction mixture was 
stirred for 5 minutes and triisopropylborate (24.2 mL, 104.87 mmol) was added 
5 dropwise. The mixture was stirred at -SO^'C for 2 hours then warmed up to room 

temperature and stirred ovemight at room temperature. 1.0 N HCl (100 mL) was slowly 
added to the reaction mixture. After 1 hour the mixture was diluted with ethyl acetate 
and the layers separated. The organic layer was further washed with water, brine, dried 
(MgS04), filtered and evaporated. The residue was chromatographed on silica gel (0 to 
10 20% ethyl acetate in hexane) to give 4.3 g of 5-isobutyl-3,3-dimethyl-2,3-dihydro- 

benzofuran-7-boronic acid (46 %). NMR (300 MHz; CDCL3): 0,90 (d, J= 6.6 Hz, 
6 H), 1.33 (s, 6 H), 1.81 (m, 1 H), 2.43 (d, J= 7.5 Hz, 2 H), 4.28 (s, 2 H), 5.86 (br s, 2 
H), 6.98 (d, J= 2.1 Hz, 1 H), 7.33 (d, J= 2.1 Hz, 1 H). 

c. 7-bromo-5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran. 

15 To a solution of 5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran (1 .59 g, 7.78 

mmol) in dichloromethane (40 mL) was added pyridinium tribromide (2.49 g, 7.78 
mmol) and the reaction mixture stirred at room temperature ovemight. The solution 
was washed with water and brine, dried (MgS04), filtered and evaporated. The residue 
was purified on siUca gel (0% to 2 % ethyl acetate in hexane) to give 1,51 g of 7- 

20 bromo-5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofiiran (68 %). ^H NMR (300 MHz; 
CDCI3): 5 0.90 (d, J= 6.3 Hz, 6 H), 1.33 (s, 6 H), 1.77 (m, 1 H), 2.39 (d, J= 7.5 Hz, 2 
H), 4.30 (s, 2 H), 6.80 (d, J= 1.5 Hz, 1 H), 7.05 (d, J= 1.5 Hz, 1 H). 

d. 5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofiiran. 

To a cold solution (0°C) of l-(3,3-dimethyl-2,3-dihydro-ben2ofijran-5-yl)-2- 
25 methyl-propan-l-ol (1.97 g, 8.93 mmol) in dry dichloromethane (40 mL) was added 
triethylsilane (2.85 mL, 17.86 mmol). After 10 minutes, trifluoroacetic acid was added 
and the reaction mixture stirred at 0°C for 30 minutes. Water was poured into the 
reaction mixture and the layers separated. The organic layer was fiirther washed with 
water, aqueous NaHCOs and brine, dried (MgS04), filtered and evaporated. The 
30 residue was purified on silica gel (0% to 5 % ethyl acetate in hexane) to give 1 .6 g of 5- 
isobutyl-3,3-dimethyl-2,3-dihydro-benzofiiran (87 %). ^H NMR (300 MHz; CDCI3): 
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5 0.90 (d, J= 6.3 Hz, 6 H), 1.32 (s, 6 H), 1.79 (m, 1 H), 2.40 (d, J - 6.9 Hz, 2 H), 4.20 
(s, 2 H), 6.68 (dd, J= 1.2 Hz and 7.5 Hz, 1 H), 6.87 (m, 2 H). 

e. l-(3,3-dimethyl-2,3-dihydro-benzofiu'an-5-yl)-2-methyl-^^ 

To a solution of 5-bromo-3,3-diniethyl-2,3-dihydro-benzofuran (2.03 g, 8.93 
5 mmol) in dry THF (10 mL) at -78°C, under argon, was added dropwise n-BuLi (1 .6 M 
in hexane, 13.4 mmol, 8.38 mL). The mixture was stirred for 5 minutes then 
isobutyraldehyde (1 .22 mL, 8.38 mmol) was added and the mixture was slowly warmed 
up to room temperature and stirred overnight at room temperature. Aqueous ammonium 
chloride was added and the solution extracted with ethylacetate and the organic extract 

10 was dried (MgS04), filtered and evaporated. The residue was purified on silica gel (0% 
to 20 % ethyl acetate in hexane) to give 1.97 g of l-(3,3-dimethyl-2,3-dihydro- 
benzofuran-5-yl)-2-methyl-propan-l-ol (100 %). ^H NMR (300 MHz; CDCI3): 5 0.77 
(d, J= 6.6 Hz, 3 H), 0.90 (d, /= 6.6 Hz, 3 H), 1.33 (s, 6 H), 1.95 (m, 1 H), 4.23 (s, 2 
H), 4.28 (d, 7.2 Hz, 2 H), 6.72 (d, J= 8.4 Hz, 1 H), 7.03 (dd, J= 8.1 Hz and 1.8 

15 Hz, 1 H), 7.06 (d, J = 1.5 Hz, 1 H). 

f. 5-bromo-3,3-dimethyl-2,3-dihydro-benzofi3ran. 

A mixture of 4-bromo-2-(2-chloro-l,l-dimethyl-ethyl)-l-methoxy-benzene (65 
g, 0.234 mol), pyridine hydrochloride (121.8 g, 1.054 mol) and quinoline (110.67 mL, 
0.936 mol) was refluxed at 164°C-167''C under argon for 5 hrs. After cooling to room 

20 temperature the reaction mixture was treated with ice-cold 6N HCl and extracted twice 
with ether. The organic layers were combined, dried (MgS04), filtered and evaporated. 
The residue was purified on silica gel (10 % ethyl acetate in hexane) to give 52 g of 5- 
bromo-3,3-dimethyl-2,3-dihydro-benzofiiran (98 %). ^H NMR (300 MHz; CDCI3): 
5 1.32 (s, 6 H), 4.23 (s, 2 H), 6.67 (d, J= 8.1 Hz, 1 H), 7.19 (m, 2 H). 

25 g. 4-bromo-2-(2-chloro- 1 , 1 -dimethyl-ethyl)- 1 -methoxy-benzene. 

Sulfuric acid (2 mL, 0.033 mol) was added dropwise under argon to 4- 
bromoanisole (14.6 mL, 0.1 17 mol). The mixture was warmed to 40-43''C (warm water 
bath) and 3-chloro-2-methyl propene was added dropwise in 4 equal portions over 2 
hrs. After 2 hrs at 40-43^C the solution was diluted with dichloromethane and washed 

30 successively with water, saturated aqueous NaHCOs, water and brine, dried (MgS04), 
filtered and evaporated. The residue was crystallized fi*om hexanes to give 14.1 g of 4- 
bromo-2-(2-chloro- 1,1 -dimethyl-ethyl)- 1 -methoxy-benzene. The mother liquor was 
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further purified on silica gel (10% ethyl acetate in hexane) to afford additional 4.8 g of 
product. 58 % yield. NMR (300 MHz; CDCI3): 5 1.43 (s, 6 H), 3.82 (s, 3 H), 3.93 (s, 
2 H), 6.75 (dd, J= 2.4 Hz and 7.2 Hz, 1 H), 7.32 (m, 2 H). 
h. 3 -bromo-4-trifluoromethoxy benzaldehyde. 
5 To a solution of 4-trifluoromethoxybenzaldehyde (150 g, 0.79 mol) m a mixture 

of TFA (400 mL) and H2SO4 (80 mL) was added at 40-45 ""C N-bromosuccinimide 
(281 g, 1.579 mol) in equal portion over 2 hours. The reaction mixture was stirred at 
40-45 ""C overnight, poured into ice-water and extracted with CH2CI2. The organic layer 
was washed with water then treated with saturated NaHCOs (800 mL) for 30 minutes. 

10 The layers were separated and the organic layer further washed with water and brine, 
dried over MgS04, filtered and evaporated. The residue was triturated with hexane and 
filtered. After evaporation of the solvent, the residue was distilled to give 3-bromo-4- 
trifluoromethoxybenzaldehyde (150.2 g, 60°C, 0.3 mm/Hg, 70 %). ^H NMR (300 
MHz; CDCI3): 5 7.49 (dd, Jx= 1 .8 Hz and Ji = 8.7 Hz, 1 H), 7.88 (dd, Ji= 2.1 Hz and J2 

15 = 8.4 Hz, 1 H), 8.17 (d, J= 1,8 Hz, 1 H), 9.97 (s, 1 H). 

Example 2: 5-[3-(5-Isobutyryl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 2." 




Prepared in a similar manner to example 1 using 3-(5-Isobutyryl-3,3-dimethyl- 
2,3-dihydro-benzofiiran-7-yl)-4-trifluoromethoxy-benzaldehyde. 55% yield after 
crystallization from ethanol. mp 92-96 °C. ^H-NMR (300 MHz, DMSO-d-6): 1.1 1 (d, J 
= 6.4 Hz, 6 H), 1.37 (s, 6 H), 3.69 (m, 1 H), 4.34 (s, 2 H), 7.63 (d, 7= 8.5 Hz, 1 H), 
25 7.75 (d, 7= 8.5 Hz, 1 H), 7.84 (s, 1 H), 7.87 (s, 2 H), 7.93 (s, 1 H), 12.72 (br s, IH). 

The intermediate 3-(5-Isobutyryl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde was prepared as follows: 

a. 3-(5-Isobutyryl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde. 
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A mixture of 3-formyl-6-trifluoromethoxy-l-phenyl boronic acid (1.27 g, 5.43 
mmol), l-(7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl-pro^ 
(1.35 g, 4.53 mmol) and potassium carbonate (1.25 g, 9.06 mmol) in toluene (15 mL), 
ethanol (3 mL) and water (1.8 mL) was degassed with argon for 30 minutes. 
5 Tetrakis(triphenylphosphine)palladium(0) (105 mg, 0.09 nmiol) was added and the 
mixture heated at reflux under argon for 16 hrs. The solution was cooled to room 
temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 
purified on silica gel (10% ethyl acetate in hexane) to give 405 mg of 3-(5-Isobutyryl- 
10 3,3-dimethyl-2,3-dihydro-benzofiiran-7-yl)-4-trifluoromethoxy-benzaldehyde (22 %). 
NMR (300 MHz; CDCI3): 1.22 (d, J= 7.5 Hz, 6 H), 1.42 (s, 6 H), 3,54 (m, 1 H), 
4.35 (s, 2 H), 7.51 (d, J= 8.7 Hz, 1 H), 7.85 (d, J= 8.4 Hz, 1 H), 7.96 (d, 7= 7.5 Hz, 1 
H), 8.03 (d, y= 1.8 Hz, 1 H), 10.05 (s, IH). 

b. 3-formyl-6-trifluoromethoxy- 1 -phenyl boronic acid. 

15 To a mixture of 2-(3-bromo-4-trifluoromethoxy- 1 -phenyl)- 1 ,3-dioxolane (7.20 

g, 22.9 mmol) in THF (70 mL) cooled to -78°C under an atmosphere of argon was 
added «-BuLi (13.8 mL, 2.5 M, 34.4 mmol) dropwise. The resulting suspension was 
stirred for 5 minutes and triisopropylborate (15.9 mL, 68.7 mmol) was added dropwise 
via syringe. The mixture was stirred at -50^C for 2 hoxirs then warmed up to room 

20 temperature and stirred overnight at room temperature. 1 .0 N HCl (50 mL) was slowly 
added to the reaction mixture. After 3 hours the mixture was diluted with ethyl acetate 
and the layers separated, the aqueous layer was extracted once with ethyl acetate and 
the two organic layers combined. The resulting organic layer was washed with water, 
brine and dried (MgS04). The mixture was filtered, evaporated and the residue stirred 

25 in hexane. The resulting white suspension was filtered and the white solid dried under 
high vacuum to afford 3.00 g of 3-fomiyl-6-trifluorometiioxy-l-phenyl boronic acid 
(56 %). ^H NMR (300 MHz; CDCL3): 5 7.42 (d, •/= 7.0 Hz , 1 H), 8.07 (dd, Ji = 2.1 
Hz, 72 = 8.7 Hz, 1 H), 8.47 (d, 7= 1.8 Hz , 1 H), 10.05 (s, 1 H). 

c. 2-(3-bromo-4-trifluoromethoxy-l-phenyl)-l ,3-dioxolane. 

30 To a solution of 3-bromo-4-trifluoromethoxybenzaldehyde (20 g, 74.0 mmol) in 

toluene (200 mL) was added ethylene glycol (82.6 mL, 1.48 mol) and ;7-toluenesulfonic 
acid monohydrate (0.84 g, 4.44 mmol). The reaction mixture was heated at reflux 
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overnight and the water was removed using a Dean Stark apparatus. The solution was 
cooled to room temperature, poured into aqueous potassium carbonate (10%) and 
extracted with ethyl acetate. The organic layer was v^ashed with water, brine and dried 
(MgS04). The residue was purified on silica gel (1 0% ethyl acetate in hexane) to give 
5 15.4 g of 2-(3-bromo-4-trifluoromethoxy-l-phenyl)-l,3-dioxolane (66 %). NMR 
(300 MHz; CDCI3): 5 4.05 (m, 2 H), 4.1 1 (m, 2 H), 5.79 (s, 1 H), 7.32 (dd, Jx = 1.5 Hz, 
J2 = 8.1 Hz, 1 H),7.43 (dd, Jj = 1.8 Hz, J2 = 8.4 Hz, 1 H),7.77 (d, J- 2.1 Hz, 1 H). 
d. l-(7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran"5-yl)-2-methyl- 

propan-l-one. 

10 To a solution of AICI3 (1 .5 g, 1 1 .32 mmol) in dry dichloromethane (30 mL) was 

added dropwise at room temperature l-(3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2- 
methyl-propan-l-one (989 mg, 4.52 mmol) in dichloromethane (15 mL) followed by 
bromine (0.28 mL, 5.43 mmol) and the reaction stirred for 6 hours. IN HCl was added 
slowly and the layers separated. The aqueous layer was extracted twice with 

1 5 dichloromethane. The combined organic layers were washed successively with aq. 
K2CO3, water and brine, dried over anhydrous magnesium sulfate, filtered and 
evaporated to give 1.44 g of l-(7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2- 
methyl-propan-l-one (91 %), ^H NMR (300 MHz; CDCI3): 5 1.21 (d, J= 6.9 Hz, 6 H), 
1.39 (s, 6 H), 3.47 (m, 1 H), 4.43 (s, 2 H), 7.70 (s, 1 H), 7.95 (s, 1 H). 

20 e. l-(3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl-propan-l-one. 

To a solution of l-(3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl- 
propan-l-ol (example le) (1.13 g, 5.15 mmol) in dry dichloromethane (20 mL) was 
added at room temperature pyridinium chlorochromate (1.33 g, 6.18 mmol). The 
reaction mixture was stirred for 2 hours at room temperature then filtered over celite. 

25 Water was added and the layers separated. The aqueous layer was extracted twice with 
dichloromethane. The combined organic layers were washed successively with water 
and brine, dried over anhydrous magnesium sulfate, filtered and evaporated. The 
residue was chromatographed on silica gel (5% ethyl acetate in hexane) to give 530 mg 
of 1 -(3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl-propan-l -one (47 %), ^H 

30 NMR (300 MHz; CDCI3): 5 1.21 (d, 7.2 Hz, 6 H), 1.38 (s, 6 H), 3.52 (m, 1 H), 4.32 
(s, 2 H), 6.80 (d, y = 7.5 Hz, 1 H), 7.80 (m, 2 H). 
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Examples: 7-[5-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-tri£luoromethoxy- 
phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid methylamide, which 
can be referred to as "Compound 3." 




5 . Prepared in a similar manner to example 1 using 7-[5-formyl-2- 

trifluoromethoxy-phenyl]-3 ,3-dimethyl-253-dihydro-benzofuran-5-carboxylic acid 
methylamide. 45% yield, mp 227-229 °C. ^H-NMR (300 MHz, DMSO-d-6): 1.35 (s, 6 
H), 2.77 (d, J= 4.4 Hz, 3 H), 4.30 (s, 2 H), 7.63 (dd, Ji = 8.8 Hz, = 1.8 Hz, 1 H), 
7.71 (d, J= 1.8 Hz, 1 H), 7.74 (dd, Jx = 8,8 Hz, J2 = 2.3 Hz, 1 H), 7.79 (d, J= 2.3 Hz, 1 
10 H), 7.80 (d, J= 2.3 Hz, 1 H), 7.87 (s, 1 H), 8.32 (q, J= 4.7 Hz, 1 H), 12.71 (br s, 1 H). 

The intermediate 7-[5-formyl-2-trifluoromethoxy-phenyl]-3,3-dimethyl-2,3- 
dihydro-benzofuran-5-carboxylic acid methylamide was prepared in a similar maimer 
to example 2a using 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid 
methylamide and 3 -formyl-6-trifluoromethoxy-l -phenyl boronic acid (example 2b). 
15 ^H-NMR (300 MHz, (300 MHz; CDCI3): 1.28 (s, 6 H), 3.00 (d, J= 5.4 Hz, 3 H), 4.31 
(s, 2 H), 6.09 (br s, IH), 7.51 (m, 2 H), 7.55 (s, 1 H), 7.66 (s, 1 H), 7.95 (d, Ji = 8.7 Hz, 
J2 = 2.1 Hz, 1 H), 8.01 (d, J = 2.1 Hz, 1 H), 10.03 (s, 1 H). 

a. 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxyUcacid 

methylamide. 

20 To a solution of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic 

acid (4.99 g, 18.41 mmol) in dry THF (40 mL) was added at room temperature 
thionychloride (2 mL, 27.61 mmol) and DMF (0.14 mL, 1.84 mmol). The reaction 
mixture was stirred 1 hr then methylamine hydrochloride (2.48 g, 36.82 mmol) was 
added followed by slow addition of pyridine (4.5 mL, 55.23 mmol). The reaction 

25 mixture was stirred overnight then water and ethyl acetate were added. The layers were 
separated. The aqueous layer was extracted twice with ethyl acetate. The combined 
extracts were washed successively with water and brine, dried over anhydrous 
magnesiimi sulfate, filtered and evaporated. The residue was chromatographed on silica 
gel (50% to 100% ethyl acetate in hexane, then 40% MeOH in Ethyl acetate) to give 
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1.17 g of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid 
methylamide (22 %). NMR (300 MHz; CDCI3): 1.36 (s, 6 H), 2.99 (d, J= 4.5 Hz, 3 
H), 4.39 (s, 2 H), 6.25 (br s, 1 H), 7.54 (d, 7= 1.5 Hz, 1 H), 7.70 (d, 7 = 1.5 Hz, 1 H). 

b. 7-bromo-3,3-dimethyl-2,3-dihydro-benzofliran-5-carboxylic acid. 

5 A solution of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carbaldehyde 

(14.61 g, 57.29 mmol) in acetone (80 mL) was added at room temperature to KMn04 
(9.05 g, 57.29 mmol) dissolved in water (200 mL). The reaction mixture was stirred at 
room temperature overnight filtered over celite then H2SO4 in water was added and the 
solution extracted with ethyl acetate. The organic layer was fiarther washed with water 

1 0 and brine, dried over anhydrous magnesium sulfate, filtered and evaporated to give 9.9 
g of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofiaran-5-carboxylic acid (64%). 'HNMR 
(300 MHz; CDCI3): 1.40 (s, 6 H), 4.44 (s, 2 H), 7.79 (s, 1 H), 8.13 (s, 1 H). 

c. 7-bromo-3,3-dimethyl-2,3-diliydro-benzofiiran-5-carbaldehyde. 

To a solution of AICI3 (1.22 g, 9.18 mmol) in dry dichioromethane (15 mL) was 
1 5 added dropwise at room temperature 3 ,3 -dimethyl-2,3-dihydro-benzofuran-5- 

carbaldehyde (647 mg, 3.67 mmol) in dichioromethane (15 mL) followed by bromine 
(0.23 mL, 4.41 mmol) and the reaction stirred for 3 hours. IN HCl was added slowly 
and the layers separated. The aqueous layer was extracted twice with dichioromethane. 
The combined organic layers were washed successively with water and brine, dried 
20 over anhydrous magnesium sulfate, filtered and evaporated. The residue was 

chromatographed on silica gel (20% ethyl acetate in hexane) to give 856 mg of 7- 
bromo-3,3-dimethyl-2,3-dihydro-benzofiiran-5-carbaldehyde (91 %). *H NMR (300 
MHz; CDCI3): 1.40 (s, 6 H), 4.46 (s, 2 H), 7.61 (s, 1 H), 7.83 (s, 1 H), 9.80 (s, 1 H). 

d. 3,3-dimethyl-2,3-dihydro-benzofuran-5-carbaldehyde. 

25 To a solution of 5-bromo-3,3-dimethyl-2,3-dihydro-benzofiiran (example 1 f) 

(15.90 g, 70.01 mmol) in dry THF (100 mL) at -78°C, under argon, was added 
dropwise n-BuLi (1.6 M in hexane, 105 mmol, 42 mL). The mixture was stirred for 5 
minutes then DMF (16.3 mL, 210 mmol) was added and the mixture was quickly 
warmed up to -50°C and then to 0°C for 3 hrs. Water was added slowly and the 

30 solution extracted with ethyl acetate. The organic layer was further washed with water, 
brine, dried (MgS04), filtered and evaporated to give 13.15 g of 3,3-dimethyl-2,3- 
dihydro-benzofuran-5-carbaldehyde use as this in the next step. 'H NMR (300 MHz; 
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CDCI3): 1.38 (s, 6 H), 4.36 (s, 2 H), 6.89 (d, J = 7.8 Hz, 1 H), 7.68 (m, 2 H), 9.85 (s, 1 
H). 



Example 4: 7-[5-(2,4--Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoromethoxy- 
5 phenyl]-33-diinethyl-2,3-dihydro-benzofuran-5-carboxylic acid dimethylamide, which 
can be referred to as "Compound 4." 




Prepared in a similar maimer to example 1 using 7-[5-formyl-2- 
trifluoromethoxy-phenyl]-3,3-dimethyl-2,3-dihydro-benzofuraQ-5-carboxylic acid 

10 dimethylamide. 25% yield, mp 268-272 °C. IH-NMR (300 MHz, DMSO-d-6): 1.35 (s, 
6 H), 2.98 (s, 6 H), 4.28 (s, 2 H), 7.23 (d, J = 1.8 Hz, 1 H), 7.40 (d, J- 1.8 Hz, 1 H), 
7.62 (dd, J= 8.5 Hz and J= 1.5 Hz, 1 H), 7.73 (dd, 8.8 Hz and/= 2.3 Hz, 1 H), 
7.79 (d, 2.3 Hz, 1 H), 7.87 (s, 1 H), 12.71 (br s, 1 H). 

The intermediate 7-[5-formyl-2-trifluoromethoxy-phenyl]-3,3-dimethyl-2,3- 

15 dihydro-benzofliran-5-carboxylic acid dimethylamide was prepared as followed: 
a. 7-[5-formyl-2-trifluoromethoxy-phenyl]-3,3-dimethyl-2,3-dihydro- 
benzofuran-5-carboxyKc acid dimethylamide. 

To a solution of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic 
acid dimethylamide (437 mg, 1.46 mmol) in dioxane (4 mL), were added under argon, 

20 triethylamine (0.82 mL, 5.86 mmol), Pd(OAc)2 (16 mg, 0.07 mmol), 2- 

(dicyclohexylphosphino)biphenyl (103 mg, 0.29 mmol) and pinacolborane (0.64 mL, 
4.40 mmol) dropwise. The mixture was heated at 80°C under argon for 2 hrs then 
cooled to room temperature. Water (0.5 mL) was added dropwise, then Ba(OH)2.8H20 
( 1.38 g, 4.40 mmol) followed by 3-bromo-4-trifluoromethoxy benzaldehyde (example 

25 Ih) (473 mg, 1 .76 mmol) dissolved in dioxane (1 .2 mL). The mixture was refluxed for 
4 hours then cooled to room temperature, diluted with ethyl acetate and filtered over 
celite. The solution was further washed with water and brine, dried over anhydrous 
magnesium sulfate, filtered and evaporated. The residue was purified on silica gel (5% 
methanol in dichloromethane) to give 264 mg of 7-[5-formyl-2-trifluoromethoxy- 
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phenyl]-3,3-dimethyl-2,3 -dihydro-benzofuran-5-carboxylic acid dimethylamide 
(containing 50% of 3,3-dimethyl-2,3-dihydro-benzofliran-5-carboxylic acid 
dimethylamide as determined by *H NMR) use as this in the next step. 

b. 7-bromo-3,3-dimethyl-2,3-dihydro-ben2ofuran-5-carboxylicacid 
5 dimethylamide. 

Prepared in a similar manner to example 3a using 7-bromo-353-dimethyl-2,3- 
dihydro-benzofuran-5-carboxylic acid (example 3b) and dimethylamine hydrochloride. 
45% yield. NMR (300 MHz; CDCI3): 1.36 (s, 6 H), 3.05 (br s, 6 H), 4.37 (s, 2 H), 
7.16 (d,/= 1.5 Hz, 1 H), 7.38 (d,y= 1.5 Hz, 1 H). 

0 

^ Example 5: 5-[3-(3,3-Dimethyl-5-propionyl-2,3-dihydro-benzoftiran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 5." 




15 Prepared in a similar manner to example 1 using 3-(3,3-dimethyl-5-propionyl- 

2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde, 74% yield, mp 105- 
108 °C. ^H-NMR (300 MHz, DMSO-d-6): 1.09 (t, J= 7.3 Hz, 3 H), 1.37 (s, 6 H), 3.03 
(q, J = 7.3 Hz, 2 H), 4.34 (s, 2 H), 7.63 (dd, Ji = 8.8 Hz , ^2 = 1.8 Hz, 1 H), 7.74 (dd, Jx 
= 8.8 Hz, Ji = 2.3 Hz, 1 H), 7.83 (d, 2.3 Hz, 1 H), 7.86 (d, J= 1.8 Hz, 1 H), 7.88 (s, 

20 1 H), 7.92 (d, J = 1.8 Hz, 1 H), 12.72 (br s, 1 H). 

The intermediate 3 -(3 ,3 -dimethyl-5-propionyl-2,3 -dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde was prepared as followed: 

a. 3-(3,3-dimethyl-5-propionyl-2,3-dihydro-benzoftiran-7-yl)-4- 
trifluoromethoxy-benzaldehyde. 

25 A mixture of l-[3,3-dimethyl-7-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)- 

2,3-dihydro-benzofuran-5-yl]-propan-l-one (1.33 g, 4.05 mmol), 
3-bromo-4-trifluoromethoxybenzaldehyde (example Ih) (1.09 g, 4.05 mmol) and 
potassium carbonate (1.12 g, 8.10 mmol) in toluene (12 mL), ethanol (2.4 mL) and 
water (1.5 mL) was degassed with argon for 30 minutes. 
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Tetrakis(triphenylphosphine)palladium(0) (234 mg, 0.20 mmol) was added ^d the 
mixture heated at reflux under argon for 19 hrs. The solution was cooled to room 
temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 
5 purified on silica gel (10% ethyl acetate in hexane) to give 1 , 1 7 g of 3-(3,3-dimethyl-5- 
propionyl-2,3-dihydro-benzofuran-7-yI)-4-trifluoromethoxy-benzaldehyde (50 %). 
NMR (300 MHz; CDCI3): 1.23 (t, 7.2 Hz, 3 H), 1.42 (s, 6 H), 2.99 (q, J= 7.2 Hz, 2 
H), 4.34 (s, 2 H), 7.52 (dd, Jx = 7,2 Hz, ^2 = 1 .8 Hz, 1 H), 7.84 (d, J= 2.1 Hz, 1 H), 7.85 
(d, J= 2.13 Hz, 1 H), 7.96 (dd, Ji= 8.4 Hz, ^2= 2.1 Hz, 1 H), 8.03 (d, J= 2.1 Hz, 1 H), 
10 10.05 (s, 1 H). 

b. l-[3,3-dimethyl-7-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)-2,3- 
dihydro-benzofiiran-5-yl] -propan- 1 -one. 

To a solution of l-(7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)- 
propan-l-one (1.69 g, 5.99 mmol) in dioxane (16 mL), were added xmder argon, 

15 triethylamine (3.34 mL, 23.96 mmol), Pd(OAc)2 (67 mg, 0.30 mmol), 2- 

(dicyclohexylphosphino)biphenyl (420 mg, 1.20 nunol) and pinacolborane (2.61 mL, 
17.97 mmol) dropwise. The mixture was heated at 85°C under argon for 1.5 hrs then 
cooled to room temperature. Water (0.5 mL) was added dropwise followed by 
saturated aqueous NH4CI solution. The solution was extracted with ethyl acetate then 

20 washed successively with water and brine, dried over anhydrous magnesium sulfate, 
filtered and evaporated. The residue was purified on silica gel (10% to 20% ethyl 
acetate in hexane) to give 1.34 g of l-[3,3-dimethyl-7-(4,4,5,5-tetramethyl- 
[l ,3,2]dioxaborolan-2-yl)-2,3-dihydro-benzofuran-5-yl]-propan-l -one. 

c. 1 -(7-bromo-3 ,3 -dimethyl-2,3 -dihydro-benzofiiran-5-yl)-propan- 1 -one. 
25 To a solution of AICI3 (2.42 g, 18.18 mmol) in dry dichloromethane (30 mL) 

was added dropwise at room temperature l-(3,3-dimethyl-2,3-dihydro-benzofuran-5- 
yl)- propan-l-one (1.48 g, 7.27 mmol) in dichloromethane (30 mL) followed by 
bromine (0.45 mL, 8.72 mmol) and the reaction stirred for 12 hours at room 
temperature. IN HCl was added slowly and the layers separated. The aqueous layer 
30 was extracted twice with dichloromethane. The combined organic layers were washed 
successively with water, aq. NaHCOs, water and brine, dried over anhydrous 
magnesium sulfate, filtered and evaporated to give 1.7 g of l-(7-bromo-3 ,3 -dimethyl- 
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2,3-dihydro-benzofuran-5-yl)-l-propan-l-one (83 %). 'H NMR (300 MHz; CDCI3): 5 
1.21 (t, y= 7.2 Hz, 3 H), 1.39 (s, 6 H), 2.92 (q, J= 1.2 Hz, 2 H), 4.42 (s, 2 H), 7.70 (s, 1 
H), 7.96 (s, 1 H). 

d. l-(3,3-diinethyl-2,3-dihydro-benzofiaran-5-yl)-propan-l-one. 

5 To a solution of 1 -(3,3-dimethyl-2,3-dihydro-ben2ofliran-5-yl)-propan-l -ol (2.6 

g, 12.60 mmol) in dry dichloromethane (40 mL) was added at room temperature 
pyridinium chlorochromate (3 g, 13.86 mmol). The reaction mixture was stirred for 1 
hour at room temperature then filtered over celite. Water was added and the layers 
separated. The aqueous layer was extracted twice with dichloromethane. The combined 

10 organic layers were washed successively with water and brine, dried over anhydrous 

magnesium sulfate, filtered and evaporated. The residue was chromatographed on silica 
gel (5% ethyl acetate in hexane) to give 530 mg of l-(3,3-dimethyl-2,3-dihydro- 
benzofiiran-5-yl)-propan-l-one (58 %). ^H NMR (300 MHz; CDCI3): 6 1.21 (t, /= 7.2 
Hz, 3 H), 1.37 (s, 6 H), 2.94 (q, J= 7.2 Hz, 2 H), 4.32 (s, 2 H), 6.80 (d, J= 8.4 Hz, 1 

15 H), 7.79 (s, 1 H), 7.81 (d, J= 8.4 Hz, 1 H). 

e. 1 -(3 ,3-dimethyl-2,3-dihydro-benzofijran-5-yl)-propan- 1 -ol. 
Prepared in a similar manner to example le using 5-bromo-3,3-dimethyl-2,3- 

dihydro-benzofiiran (example IQ and propionaldehyde. (92 %). 'H NMR (300 MHz; 
CDCI3): 5 0.91 (t, J= 7.5 Hz, 3 H), 1.33 (s, 3 H), 1.34 (s, 3 H), 1.77 (m, 4 H), 4.23 (s, 2 
20 H), 4.54 (t, J= 6.9 Hz, 1 H), 6.73 (d, 8.1 Hz, 1 H), 7.07 (dd, J= 7.8 Hz and 1 .8 
Hz, 1 H), 7.10 (d, J= 1.5 Hz, 1 H). 

Example 6: 5-[2,5-Difluoro-3-(5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofiiran-7-yl)- 
4-methoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
25 "Compound 6." 




Prepared in a similar manner to example 1 using 2,5-Difluoro-3-(5-isobutyl-3,3- 
dimethyl-2,3-dihydro-benzofiiran-7-yl)-4-methoxy-ben2aldehyde. mp 165-168 °C. IH- 
NMR(300 MHz, CDC13): 0.91 (d, J= 6.6 Hz, 6 H), 1.36 (s, 3 H), 1.37 (s, 3 H), 1.82 
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(m, 1 H), 2.44 (d, y = 6.9 Hz, 2 H), 3.90 (2 s, 3 H), 4.22 (2 s, 2 H), 6.83 (s, 1 H), 6.94 
(d, J= 6.9 and 12 Hz, 1 H), 8.01 (s, 1 H), 8.29 (br s, 1 H). 

The intermediate 2,5-Difluoro-3-(5-isobutyl-3,3-dimethyl-2,3-dihydro- 
benzofuran-7-yl)-4-methoxy-benzaldehyde was prepared in a similar manner as in 
5 example la using 5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-boronic acid 
(example lb) and 2,5-difluoro-3-iodo-4-methoxy-benzaldehyde 

Example?: 5-[4-Dimethylaniino-3-(5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran- 
7-yl)-benzylidene]-thiazolidine-2,4-dione, which can be referred to as "Compound 7." 




Prepared in a similar manner to example 1 using 4-Dimethylamino-3-(5- 
isobutyl-.3,3-dimethyl-2,3-dihydro-benzofliran-7-yl)-ben2aldehyde. mp 205-207 ''C. 
^H-NMR (300 MHz, DMSO-d-6): 0.88 (d, J - 6.6 Hz, 6 H), 1.31 (s, 6 H), 1.79 (m, 1 
H), 2,42 (d, J= 6.9 Hz, 2 H), 2.62 (s, 6 H), 4.18 (s, 2 H), 6.91 (d, J= 1.8 Hz, 1 H), 6.95 

15 (d, J= 1.5 Hz, 1 H), 7.02 (d, 7= 8.57Hz, 1 H), 7.37 (d, J= 2.4 Hz, 1 H), 7.44 (dd, Jx = 
2.4 Hz, 72 = 8.7 Hz, 1 H), 7.70 (s, 1 H), 12.41 (br s, 1 H). 

The intermediate 4-Dimethylamino-3-(5-isobutyl-3,3-dimethyl-2,3-dihydro- 
benzofuran-7-yl)-benzaldehyde was prepared in a similar manner as in example 2a 
usingl-(7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-yl)-2-methyl-propan-l-one 

20 (example 2d) and 2-dimethylamino-5-formyl-l-phenylboronic acid. 

Example 8: 7-[5-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoromethoxy- 
phenyl]-3,3-dimethyl-2,3-dihydro-benzofiiran-5-carboxylic acid methyl ester, which 
can be referred to as "Compound 8." 
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Prepared in a similar manner to example 1 using 7-(5-formyl-2- 
trifluoromethoxy-phenyl)-33-dimethyl-2,3-dihydro-benzofliran-5-carboxylic acid 
methyl ester, mp 307-310 °C. ^H-NMR (300 MHz, DMSO-d-6): 1.36 (s, 6 H), 3.83 (s, 
3 H), 4.35 (s, 2 H), 7.63 (dd, Jx = 8.5 Hz, ^2= 1.5 Hz, 1 H), 7.75 (dd, Jx = 8.8 Hz, Ji = 
5 2.3 Hz, 1 H), 7.81 (d, J= 1.8 Hz, 1 H), 7.82 (d, 2.3 Hz, 1 H), 7.87 (s, 1 H), 7.88 (d, 
7= 1.8 Hz, 1 H), 12.72 (br s, 1 H). 

The interaiediate 7-(5-formyl-2-trifluoromethoxy-phenyl)-3,3-dimethyl-2,3- 
dihydro-benzoftiran-5-carboxylic acid methyl ester was prepared in a similar manner to 
example 2a using 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid 
1 0 methyl ester and 3 -formyl-6-trifluoromethoxy-l -phenyl boronic acid (example 2b). 

72% yield. 'H-NMR (300 MHz, CDCI3): 1.41 (s, 3 H), 3.90 (s, 3 H), 4.33 (s, 2 H), 7.48 
(d, 8.7 Hz, 1 H), 7.87-8.01 (m, 4 H), 10.04 (s, 1 H). 

Example 9: 5-[3-(5-Furan-3-yl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
1 5 trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 9." 



Prepared in a similar manner to example 1 using 3-(5-Furan-3-yl-3,3-dimethyl- 
2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde. 68% yield. IH-NMR 
20 (300 MHz, DMSO-d-6): 1.34 (s, 6 H), 4.21 (s, 2 H), 6.94 (m,l H), 7.38 (d, J= 1.8 Hz, 
1 H), 7.54 (d, 1.8 Hz, 1 H), 7.59 (m, 2 H), 7.79 (d, J= 2.4 Hz, 1 H), 7.85 (s, 1 H), 
12.68 (brs, IH). 

The intermediate 3-(5-Furan-3-yl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde was prepared as followed: 
25 a. 3-(5-Furan-3-yl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 

trifluoromethoxy-benzaldehyde. 

A mixture of 3-(5-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde (580 mg, 1.40 mmol), 3-furanboronic acid (316 mg, 2.8 
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mmol) and potassium carbonate (387 mg, 2.8 mmol) in DME (10 mL) and water (1 
mL) was degassed with argon for 15 minutes. 

Tetrakis(triphenylphosphine)palladium(0) (81 mg, 0.07 mmol) was added and 
the mixture heated at reflux imder argon for 20 hrs. The solution was cooled to room 
5 temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 
purified on silica gel (10% ethyl acetate in hexane) to give 148 mg of 3-(5-Furan-3-yl- 
3 ,3 -dimethyl-2,3 -dihydro-benzofiiran-7-yl)-4-trifluoromethoxy-benzaldehyde (26 %). 
NMR (300 MHz; CDCI3): 1.41 (s, 6 H), 4.28 (s, 2 H), 6.67 (m,l H), 7.26 (m, 2 H), 
10 7.50 (m, 2 H), 7.68 (m, 2 H), 7.93 (dd, Ji= 2.4 Hz , ^2= 8.5 Hz , 1 H), 8.05 (d, J= 2 Hz, 
1 H), 10.05 (s, 1 H). 

b. 3-(5-bromo-3,3-dimethyl-2,3-dihydro-benzofiiran-7-yl)-4- 

trifluoromethoxy-benzaldehyde. 

A mixture of 5-bromo-7-iodo-3,3-dimethyl-2,3-dihydro-benzofuran (2.85 g, 
15 8.07 mmol), 3 -formyl-6-trifluoromethoxy-l -phenyl boronic acid (1 .72 g, 7.34 mmol) 
and potassium carbonate (2.03 g, 14.7 mmol) in toluene (25 mL), ethanol (5 mL) and 
water (3 mL) was degassed with argon for 20 minutes. 

Tetrakis(triphenylphosphine)palladium(0) (844 mg, 0.73 mmol) was added and the 
mixture heated at reflux xmder argon for 21 hrs. The solution was cooled to room 

20 temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 
purified on silica gel (10% ethyl acetate in hexane) to give 585 mg of 3-(5-bromo-3,3- 
dimethyl-2,3-dihydro-benzofiiran-7-yl)-4-trifluoromethoxy-benzaldehyde (19 %). ^H 
NMR (300 MHz; CDCI3): 1 .39 (s, 6 H), 4.26 (s, 2 H), 7.28 (m, 2 H), 7.51 (m, 2 H), 

25 7.92-7.98 (m, 2H), 10.04 (s, 1 H). 

c. 5-bromo-7-iodo-3,3-dimethyl-2,3-dihydro-benzofuran. 
5-Bromo-3,3-dimethyl-2,3-dihydro-benzofuran (example If) (10 g, 44 mmol) 

was dissolved in glacial acetic acid (40 mL), iodine monochloride (10.86 g, 66.9 mmol) 
was added and the reaction mixture was heated at reflux for 72 hours then cooled to 
30 (fC, and IN NaOH was slowly added until pH = 8 followed by Na2C03 until the 
solution become colorless. The solution was extracted with ethyl acetate and the 
organic layer fiirther washed with water and brine, dried over anhydrous magnesium 
sulfate, filtered and evaporated. The residue was purified on silica gel (10% ethyl 
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acetate in hexane) to give 8.7 g of 5-bromo-7-iodo-3,3-diniethyl-2,3-dihydro- 
benzofuran (56 %). NMR (300 MHz; CDCI3): 1.34 (s, 6 H), 4.32 (s, 2 H), 7.13 (d, J 
= 2 Hz, 1 H), 7.58 (d, J = 2 Hz, 1 H). 

5 Example 10: 2-[3,3-Dimethyl-7-(2-trifluoromethoxy-5-vinyl-phenyl)-2,3-dihydro- 

benzofuraii-5-ylmethoxy]-ethanol; compound with thiazolidine-2,4-dione, which can be 
referred to as "Compound 10." 




Prepared in a similar manner to example 1 using 3-[5-(2-Hydroxy- 
1 0 ethoxymethyl)-3 ,3 -dimethyl-2,3 -dihydro-benzofuran-7-yl]-4-trifluoromethoxy- 

benzaldehyde. 75% yield , mp 166-169 ""C. ^H-NMR (300 MHz, DMSO-d-6): 1.33 (s, 6 
H), 3.50 (m, 4 H), 4.22 (s, 2 H), 4.46 (s, 2 H), 4.64 (m, 1 H), 7.12 (s, 1 H), 7.27 (s, 1 
H), 7.60 (d, J= 8.8 Hz, 1 H), 7.72 (d, 8.8 Hz, 1 H), 7.75 (s, 1 H), 7.86 (s, 1 H), 
12.70 (brs, 1 H). 

15 The intermediate 3-[5-(2-Hydroxy-ethoxymethyl)-3,3-dimethyI-2,3-dihydro- 

benzofuran-7-yl]-4-trifluoromethoxy-benzaldehyde was prepared as follows: 

a. 3 - [5-(2-Hydroxy-ethoxymethyl)-3 ,3-dimethyl-2,3 -dihydro-benzofuran- 
7-yl]-4-trifluoromethoxy-benzaldehyde. 

A mixture of 2-[7-(5-[l,3]dioxolan-2-yl-2-trifluoromethoxy-phenyl)-3,3- 

20 dimethyl-2,3-dihydro-benzofuran-5-ylmethoxy]-ethanol (393 mg, 0.89 mmol) and IN 
HCl (9 mL) in tetrahydrofuran (4 mL) was stirred for 1 hour at room temperature. The 
mixture was diluted with ethyl acetate and the layers were separated. The aqueous layer 
was neutrahzed with an aqueous solution of sodium bicarbonate and the mixture was 
extracted with ethyl acetate. The organic combined extract was further washed with 

25 water, brine, dried (MgS04), filtered and evaporated. The residue was used as this in 
the next step. ^H^NMR (300 MHz, CDCI3): 1.39 (s, 6 H), 1.97 (t, 7= 6.2 Hz, 1 H), 3.63 
(t, J= 4.4 Hz, 2 H), 3.79 (m, 2 H), 4.26 (s, 2 H), 4.54 (s, 2 H), 7.15 (d, J= 8.5 Hz, 2 H), 
7.49 (d, J= 8.8 Hz, 1 H), 7.91 (dd,^! = 8.8 Hz, J2 = 2.1 Hz, 1 H), 8.02 (d,y=2.1 Hz, 1 
H), 10.03 (s, 1 H). 
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b. 2-[7<5-[l,3]Dioxolan-2-yl-2-trifluoromethoxy-phenyl)-3,3-dimethyl- 
2,3-dihydro-benzofuran-5-ylmethoxy]-ethanol. 

A mixture of 3-(5-hydroxymethyl-33-dimethyl-2,3-dihydro-benzofuran-7-^^^ 
4-trifluoromethoxy-benzaldehyde (1 .76 g, 4.82 mmol) and 12N HCl (12 mL) in toluene 
5 (45 mL) was heated at reflux for 1 hour. The solution was cooled to room temperature 
and the layers were separated. The aqueous layer was extracted twice with ethyl 
acetate. The organic combined extract was washed with water, brine, dried (MgS04), 
filtered and evaporated. To the residue obtained (3-[5-chloromethyl-3,3-dimethyl-2,3- 
dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde), diluted in toluene (20 

10 mL), were added ethylene glycol (2.5 mL, 44.34 mmol) and p-toluenesulfonic acid 

monohydrate (0.44 mmol, 84 mg). The mixture was heated at reflux overnight using a 
Dean Stark apparatus. The solution was cooled to room temperature, poured into an 
aqueous solution of sodium bicarbonate, and extracted with ethyl acetate. The organic 
combined extract was washed with water, brine, dried (MgS04), filtered and 

15 evaporated. The residue was chromatographed on silica gel (50% ethyl acetate in 

hexane) to afford 830 mg of 2-[7-(5-[l,3]dioxolan-2-yl-2-trifluoromethoxy-phenyl)- 
3,3-dimethyl-2,3-dihydro-benzofuran-5-ylmethoxy]-ethanol. 38% yield. ^H-NMR (300 
MHz, CDCI3): L37 (s, 6 H), 1.99 (t, 7= 6.2 Hz, 1 H), 3.62 (t, 7= 4.5 Hz, 2 H), 3.78 (m, 
2 H), 4.02-4.15 (m, 4 H), 4,24 (s, 2 H), 4.53 (s, 2 H), 5.86 (s, 1 H), 7.1 1 (d, J= 8.5 Hz, 

20 2 H), 7.34 (d, 7= 8.5 Hz, 1 H), 7.49 (d, 7= 8.5 Hz, 1 H), 7.58 (s, 1 H). 

c. 3-(5-Hydroxymethyl-3,3-dimethyl-2,3-dihydro-benzofiiran-7-yl)-4- 

trifluoromethoxy-benzaldehyde. 

The intermediate 3-(5-hydroxymethyl-3,3-dimethyl-2,3-dihydro-benzofiiran-7- 

yl)-4-trifluoromethoxy-benzaldehyde was prepared in a similar manner to example la 
25 using [3,3-dimethyl-7-(4,4,5,5-tetramethyl-[l ,3,2]dioxaborolan-2-yl)-2,3-dihydro- 

benzofuran-5-yl]-methanol and 3-bromo-4-trifluoromethoxy benzaldehyde. 59% yield. 

^H-NMR (300 MHz, CDCI3): 1.39 (s, 6 H), 1.71 (m, 1 H), 4.26 (s, 2 H), 4.68 (s, 2 H), 

7.14 (d, 7= 2.3 Hz, 1 H), 7.21 (d, J= 1.5 Hz, 1 H), 7.49 (dd, Jx = 8.5 Hz, J2 = 1.5 Hz, 1 

H), 7.91 (dd, /i = 8.5 Hz, J2 = 2.1 Hz, 1 H), 8.01 (d, J= 2.3 Hz, 1 H), 10.03 (s, 1 H). 
30 d. [3,3-Dimethyl-7-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2.yl)-2,3- 

dihydro-benzofuran-5-yl]-methanol . 

The intermediate [3 ,3-dimethyl-7-(4,4,5,5-tetramethyl-[ 1 ,3 ,2]dioxaborolan-2- 

yl)-2,3-dihydro-benzofiiran-5-yl] -methanol was prepared in a similar manner to 



wo 03/075858 



PCT/US03/07240 



example 5b using 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-carbaldehyde 
(example 3c). 55% yield. 'H-NMR (300 MHz, CDCI3): 1.33 (s, 6 H), 1.36 (s, 12 H), 
1.55 (m, 1 H), 4.33 (s, 2 H), 4.61 (br s, 2 H), 7.23 (d, 7= 2.1 Hz, 1 H), 7.52 (d, 7 = 8.5 
Hz, 1 H). 

5 e. 3-[5-Chloromethyl-3,3-dime11iyl-2,3-dihydro-benzofuran-7-yl)-4- 

trifluoromethoxy-benzaldehyde. 

^H-NMR (300 MHz, CDCI3): 1.40 (s, 6 H), 4.28 (s, 2 H), 4.63 (s, 2 H), 7.20 (m, 
2 H), 7.50 (d, 7= 8.5 Hz, 1 H), 7.93 (dd, Ji = 8.5 Hz, = 2.1 Hz, 1 H), 8.02 (d, 7= 2.1 
Hz, 1 H), 10.04 (s, 1 H). 

10 

Example 11: 5-[3-(5-Methoxymethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 11." 





0 






CO 


J^NH 




0 







15 Prepared in a similar manner to example 1 using S-CS-Methoxymethyl-S^- 

dimethyl-2,3 -dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde 78% yield, 
mp 148-151 ^H-NMR (300 MHz, CDCI3): 1.40 (s, 6 H), 2.1 1 (s, 3 H), 4.28 (s, 2 H), 
5.09 (s, 2 H), 7.17 (s, 2 H), 7.44 (d, J= 8.8 Hz, 1 H), 7.51 (dd, Ji = 8.8 Hz, ^2 = 2.1 Hz, 
1 H), 7.65 (d, y = 2.1 Hz, 1 H), 7.86 (s, 1 H), 8.44 (br s, 1 H). 

20 The intermediate 3<5-Methoxymethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7- 

yl)-4-trifluoromethoxy-benzaldehyde was prepared as follows: 

a. 3-(5-Methoxymethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde. 

To a cold solution (0°C) of sodium hydride in tetrahydrofuran (4 mL), under an 

25 atmosphere of argon, was added 3-(5-hydroxymethyl-3 ,3-dimethyl-2,3 -dihydro- 
benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde (example 10c) (246 mg, 0.67 
mmol) in tetrahydrofuran (6 mL). The mixture was stirred at 0°C for 15 minutes, then 
the argon flow was stopped and methyl iodide was added. After 3 hours at room 
temperature, the mixture was diluted with ethyl acetate. Water was slowly added and 
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the layers separated. The organic layer was further washed with water, brine, dried 
(MgS04), filtered and evaporated. The residue was chromatographed on silica gel (20% 
ethyl acetate in hexane) to afford 99 mg of 3-(5-Methoxymethyl-3,3-dimethyl-2,3- 
dihydro-benzofuran-7-yl)-4-trifluoronlethoxy-ben2aldehyde. 39% yield. ^H-NMR (300 
5 MHz, CDCI3): 1.39 (s, 6 H), 2.1 1 (s, 3 H), 4.27 (s, 2 H), 5.09 (s, 2 H), 7.17 (s, 2 H), 
7.49 (d, 7= 8.5 Hz, 1 H), 7.93 (dd, Ji = 8.5 Hz, Ji = 2.1 Hz, 1 H), 8.02 (d, J= 2.1 Hz, 1 
H), 10.03 (s, 1 H). 

Example 12: 7-[5-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoromethoxy- 
1 0 phenyl]-3 ,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid, which can be referred 
to as "Compound 12." 




Prepared in a similar manner to example 1 using 7-(5-formyl-2- 
trifluoromethoxy-phenyl)-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid. 35% 

15 yield, mp 223-226 °C. ^H-NMR (300 MHz, DMSO-d-6): 1.36 (s, 6 H), 4.33 (s, 2 H), 
7.62 (d, y = 8.5 Hz, 1 H), 7.74 (d, 8.5 Hz, 1 H), 7.80 (d, J= 5.3 Hz, 2 H), 7.86 (s, 2 
H), 12.71 (br s, 1 H), 12.77 (br s, 1 H). 

The intermediate 7-(5-formyl-2-trifluoromethoxy-phenyl)-3,3-dimethyl-2,3- 
dihydro-benzofuran-5-carboxylic acid was prepared as follows: 

20 a. 7-(5-Formyl-2-trifluoromethoxy-phenyl)-3 ,3 -dimethyl-2,3-dihydro- 

benzofuran-5-carboxylic acid. 

A mixture of 7-(5-Fonnyl-2-trifluoromethoxy-phenyl)-3,3-dimethyl-2,3- 
dihydro-benzofuran-5-carboxylic acid methyl ester (1.76 g, 4.82 mmol) (example 8) 
and 5N potassium hydroxide (2 mL) in methanol (20 mL) was heated at reflux for 1 

25 hour. The solvent was then evaporated. The mixture was diluted with water and washed 
twice with diethyl ether. The aqueous layers were acidified with IN HCl and extracted 
twice with ethyl acetate. The organic combined extract was further washed with water, 
brine, dried (MgS04), filtered and evaporated. The residue was chromatographed on 
silica gel (30% ethyl acetate in hexane) to afford 1 12 mg of 7-(5-formyl-2- 
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trifluoromethoxy-phenyl)-3,3-dimethyl-2,3-dihydro-ben2ofuran-5-ca^ acid. 10% 

yield. ^H-NMR (300 MHz, CDCI3): 1.43 (s, 6 H), 4.36 (s, 2 H), 7.51 (d, J= 8.2 Hz, 1 
H), 7.92-8.04 (m, 4 H), 10.05 (s, 1 H). 

5 Example 13: 5-[3-(5-Dimethylaminomethyl-3,3-dimethyl-2,3-dihydro-ben2ofuran^ 
yl)-4-trifluoroniethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 13." 




I 

Prepared in a similar manner to example 1 using 3-(5-Dimethylaminomethyl- 
1 0 3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde. 65% 
yield, mp 233-235 ""C. ^H-NMR (300 MHz, DMSO-d-6): 1.34 (s, 6 H), 2.57 (s, 6 H), 
4.00 (s, 2 H), 4.26 (s, 2 H), 7.22 (d, 1.8 Hz, 1 H), 7.33 (d, 1.7 Hz, 1 H), 7.49 (s, 
1 H), 7.53 (d, J= 7.9 Hz, 1 H), 7.67 (dd, Ji = 7.9 Hz, J2 = 2.3 Hz, 1 H), 7.69 (s, 1 H). 

The intermediate 3-(5-dimethylaminomethyl-3,3-dimethyl-2,3-dihydro- 
15 benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde was prepared as follows: 

a. 3 -(5-Dimethylaminomethyl-3 ,3 -dimethyl-2 ,3 -dihydro-benzofuran-7-yl)« 
4-trifluoromethoxy-benzaldehyde. 

A mixture of 3-(5-hydroxymethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)- 
4-trifluoromethoxy-benzaldehyde (1.25 g, 3.41 mmol) (example 10c) and 12N HCl (8.5 
20 mL) in toluene (35 mL) was heated at reflux for 1 hour. The solution was cooled to 

room temperature and the layers were separated. The aqueous layer was extracted twice 
with ethyl acetate. The organic combined extract was washed with water, brine, dried 
(MgS04), filtered and evaporated. To the residue obtained (3-[5-chloromethyl-3,3- 
dimethyl-2,3-dihydro-benzofLiran-7-yl)-4-trifluoromethoxy-benzaldehyde) (example 
25 lOe), diluted in dimethylformamide (35 mL), were added potassium carbonate (3.49 g, 
25.25 rmnol) then dimethylamine hydrochloride (1.47 g, 18.04 mmol). The mixture was 
stirred at room temperature for 3 hours. Water was added and the layers separated. The 
mixture was extracted with ethyl acetate and the organic combined extract was washed 
with water, brine, dried (MgS04), filtered and evaporated. The residue was 
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chromatographed on silica gel (10% methanol in dichloromethane) to afford 742 mg of 
3-(5-Dimethylaniinomethyl-3,3-diniethyl-23-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde. 56% yield. ^H-NMR (300 MHz, CDCI3): 1.38 (s, 6 H), 
2.30 (s, 6 H), 3.47 (s, 2 H), 4.25 (s, 2 H), 7.06 (s, 1 H), 7.16 (s, 1 H), 7.48 (d, J= 8.5 
5 Hz, 1 H), 7.90 (dd, Ji = 8.5 Hz, J2 = 2.1 Hz, 1 H), 8.03 (d, J= 2.1 Hz, 1 H), 10.03 (s, 1 
H). 

Example 14: 7-[5-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoromethoxy- 
phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-sulfonic acid methylamide, which can 
10 be referred to as "Compound 14." 




Prepared in a similar manner to example 1 using 7-(5-formyl-2- 
trifluoromethoxy-phenyl)-3,3-dimethyl-2,3-dihydro-benzofiiran-5-sulfonic acid 
methylamide. 45% yield. ^H-NMR (300 MHz, DMSO-d-6): 1.38 (s, 6 H), 2.43 (d, J = 

15 5.0 Hz, 3 H), 4.37 (s, 2 H), 7.32 (q, 7= 5.0 Hz, 1 H), 7.59 (d, J = 1.8 Hz, 1 H), 7.65 (dd, 
Ji = 8.8 Hz, 72 = 1.5 Hz, 1 H), 7.69 (d, J= 1.8 Hz, 1 H), 7.76 (dd, Ji = 8.8 Hz, J2 = 2.3 
Hz, 1 H), 7.83 (d, J= 2.1 Hz, 1 H), 7.88 (s, 1 H), 12.72 (br s, IH). 

The intermediate 7-(5-formyl-2-trifluoromethoxy-phenyl)-3,3-dimethyl-2,3- 
dihydro-benzofuran-5-sulfonic acid methylamide was prepared in a similar manner to 

20 example 2a using 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-sulfonic acid 

methylamide and 3 -formyl-6-trifluoromethoxy-l -phenyl boronic acid (example 2b). 
90% yield. ^H-NMR (300 MHz, CDCI3): 1.43 (s, 6 H), 2.70 (d, 7= 5.6 Hz, 3 H), 4.31 
(m, 1 H), 4.37 (s, 2 H), 7.52 (dd, Ji = 8.5 Hz, J2 = 1^8 Hz, 1 H), 7.66 (d, J= 2.1 Hz, 1 
H), 7.71 (d, J= 2.1 Hz, 1 H), 7.97 (dd, Ji = 8.5 Hz, ^2 = 2.1 Hz, 1 H), 8.03 (d, J= 2.1 

25 Hz, IH), 10.05 (s,lH). 

a. 7-Bromo-3,3-dimethyl-2,3-dihydro-benzofLiran-5-sulfonic acid 
methylamide. 

To a solution of 3,3-dimethyl-2,3-dihydro-benzofuran-5-sulfonic acid 
methylamide (215 mg, 0.89 mmol) in trifluoroacetic acid (5 mL) and sulfuric acid (1 
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mL) was added portionwise N-bromosuccinimide (317 mg, 1.78 mmol). The mixture 
was stirred at room temperature overnight, poured into a solution of ice-water and 
rinsed with dichloromethane. The layers were separated. The aqueous layer was 
extracted twice with dichloromethane and the organic combined extract was washed 
5 with water, an aqueous solution of sodium bicarbonate, brine, dried (MgS04), filtered 
and evaporated. The residue was chromatographed on silica gel (30% ethyl acetate in 
hexane) to afford 91 mg of 7-bromo-3,3-dimethyl-2,3-dihydro-benzofuran-5-sulfonic 
acid methylamide. 32% yield. ^H-NMR (300 MHz, CDCI3): 1.40 (s, 6 H), 2.68 (d, J= 
5.3 Hz, 3 H), 4.21 (m, 1 H), 4.45 (s, 2 H), 7.52 (d, 7= 1.8 Hz, 1 H), 7.83 (d, 1.8 Hz, 
10 1 H). 

b. 3,3-Dimethyl-2,3-dihydro-benzofuran-5-sulfomc acid methylamide. 
To a solution of 3,3-dimethyl-2,3-dihydro-benzofuran (160 mg, 1.08 mmol) in 

dichloromethane (2 mL) at -10°C was added chlorosulfonic acid (72 |aL, 1.08 mmol). 
The mixture was stirred at -10°C for 15 minutes, then the solvent was evaporated to 

15 give 3,3-dimethyl-2,3-dihydro-ben2ofuran-5-sulfonic acid [*H-NMR (300 MHz, 

CDCI3): 1.37 (s, 6 H), 4.35 (s, 2 H), 6.85 (d,J= 8.2 Hz, 1 H), 7.67 (d, J= 2.1 Hz, 1 H), 
7.73 (dd, Ji = 8.5 Hz, ^2 = 2.1 Hz, 1 H), 10.12 (br s, 1 H)]. The residue was diluted with 
thionyl chloride (1 mL, 13.71 mmol) and one drop of dimethylformamide was added. 
After 45 minutes reflux and evaporation of the solvent, the solid compound was washed 

20 in a mixture of dichloromethane/ hexane to give 3,3-dimethyl-2,3-dihydro-benzofuran- 
5-sulfonyl chloride [^H-NMR (300 MHz, CDCI3): 1.41 (s, 6 H), 4.41 (s, 2 H), 6.92 (d, J 
= 8.8 Hz, 1 H), 7.74 (d, J= 2.3 Hz, 1 H), 7.87 (dd, Ji = 8.5 Hz, J2 = 2.1 Hz, 1 H)]. A 
solution of methylamine 2.0 M in tetrahydrofuran (0.81 mL, 1.62 mmol) was then 
slowly added and the mixture was stirred at room temperature for 15 minutes. The 

25 solvent was evaporated to afford 215 mg of 3,3-dimethyl-2,3-dihydro-benzofuran-5- 

sulfonic acid methylamide. 83% yield. ^H-NMR (300 MHz, CDCI3): 1.38 (s, 6 H), 2.66 
(d, 7= 5.3 Hz, 3 H), 4.21 (m, 1 H), 4.34 (s, 2 H), 6.86 (d, J= 8.5 Hz, 1 H), 7.60 (d, J= 
2.1 Hz, 1 H), 7.66 (dd, Ji = 8.5 Hz, J2 = 1.8 Hz, 1 H). 

c. 3,3-Dimethyl-2,3-dihydro-benzofuran. 

30 To a solution of 5-bromo-3,3-dimethyl-2,3-dihydro-benzofuran (example 1 f) 

(3.3 g, 14.53 mmol) in tetrahydrofuran (30 mL) was added dropwise, at -78°C, xmder 
an atmosphere of argon, a solution of n-butyllithium in hexane (8.8 mL, 22 mmol). The 
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mixture was stirred at -78°C for 5 minutes, then water was added and the mixture was 
wanned up to room temperature and stirred for 30 minutes. The layers were separated. 
The aqueous layer was extracted twice with ethyl acetate and the organic combined 
extract was washed with water, brine, dried (MgS04), and filtered. The solvent was 
5 evaporated to afford 2.13 g of 3,3"dimethyl-2,3-dihydro-benzofuran. 99% yield. ^H- 
NMR (300 MHz, CDCI3): 1.35 (s, 6 H), 4.23 (s, 2 H), 6.79 (d, 7.6 Hz, 1 H), 6.88 (t, 
y= 7.3 Hz, 1 H), 7.11 (d,/= 7.6 Hz, 2 H). 

Example 15: 5-[3-(5-Methanesulfonyl-3,3'dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
10 trifluoromethoxy-benzyUdene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 15." 




Prepared in a similar manner to example 1 using 3-(5-methanesulfonyl-3,3- 
dimethyl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde. 22% yield, 
15 mp 215-227 °C. 'H-NMR (300 MHz, DMSO-d-6): 1.39 (s, 6 H), 3.23 (s, 3 H), 4.38 (s, 
2 H), 7.62-7.68 (m, 1 H), 7.74-7.79 (m, 2 H), 7.86-7.89 (m, 3 H), 12.72 (br s, IH). 

The intermediate 3-(5-methanesulfonyl-3,3-dimethyl-2,3-dihydro-benzofuran-7- 
yl)-.4-trifluoromethoxy-benzaldehyde was prepared in a similar manner to example 2a 
using 7-bromo-5-methanesulfonyl-3,3-dimethyl-2,3-dihydro-benzofuran and 3-formyl- 
20 6-trifluoromethoxy-l -phenyl boronic acid (example 2b). 30% yield. 'H-NMR (300 

MHz, CDCI3): IA4 (s, 6 H), 3.10 (s, 3 H), 4.38 (s, 2 H), 7.52 (d, J= 8.8 Hz, 1 H), 7.73 
(d, 7= 2.1 Hz, 1 H), 7.79 (d, 2.1 Hz, 1 H), 7.98 (dd, Ji = 8.5 Hz, ^2 = 2.1 Hz, 1 H), 
8.02 (d, /= 2.1 Hz, 1 H), 10.06 (s, 1 H). 

The intermediate 7-bromo-5-methanesuIfonyl-3,3-dimethyl-2,3-dihydro- 
25 benzofuran was prepared in a similar manner to example 14a using 5-methanesulfonyl- 
3,3-dimethyl-2,3-dihydro-benzofliran, 27% yield. ^H-NMR (300 MHz, CDCI3): 1.41 (s, 
6 H), 3.06 (s, 3 H), 4.46 (s, 2 H), 7.60 (d, J- 1.8 Hz, 1 H), 7.92 (d, J = 1.8 Hz, 1 H). 
a. 5-Methanesulfonyl-3,3-dimethyl-2,3-dihydro-benzofuran. 
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A mixture of 3,3-dimethyl-2,3-dihydro-benzofuran (example 14c) (870 mg, 
5.87 mmol), trifluoromethanesulfonic acid (0.1 mL, 1.17 mmol) and methanesulfonic 
anhydride (2.04g, 1 1 .74 mmol) was heated to 135°C. After reaching this temperature, 
the heater was removed and the mixture was cooled down to room temperature. The 
5 mixture was poured into a solution of ice-water. The aqueous layer was extracted twice 
with ethyl acetate and the organic combined extract was washed with water, an aqueous 
solution of sodium bicarbonate, brine, dried (MgS04), filtered, and evaporated. The 
residue was chromatographed on siUca gel (30% to 50% ethyl acetate in hexane) to 
afford 317 mg of 5-Methanesulfonyl'-3,3-dimethyl-2,3-dihydro-benzoftiran. 24% yield. 
10 ^H-NMR (300 MHz, CDCI3): 1.39 (s, 6 H), 3.04 (s, 3 H), 4.36 (s, 2 H), 6.90 (d, J= 8.2 
Hz, 1 H), 7.67 (d, 7= 2.1 Hz, 1 H), 7.74 (dd, Jx = 8.5 Hz, J2 = 2.1 Hz, 1 H). 

Example 16: 5-[3-(5-Acetyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
15 "Compound 16/' 




Prepared in a similar manner to example 1 using 3-(5-acetyl-3,3-dimethyl-2,3- 
dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde. (yield: 66%). ^H-NMR 
(300 MHz, DMSO-d-6): ^H NMR(DMSO-d6, ppm) 1.37 (s, 6 H), 2.57 (s, 3 H), 4.34 (s, 
20 2 H), 7.62-7.65 (m, 1 H), 7.73-7.77 (m, 1 H), 7.83-7.85 (m, 2 H), 7.87 (s, 1 H), 7.92 (m, 
IH), 12.71 (bs, IH). 

The intermediate 3-(5-acetyl-3,3-dimethyl-2,3-dihydro-benzofiiran-7-yl)-4- 
trifluoromethoxy-benzaldehyde was prepared as follows: 

a. 3-(5-acetyl-3,3-dimethyl-2,3-dihydro-benzofiiran-7-yl)-4- 
25 trifluoromethoxy-benzaldehyde. 

l-(7-Bromo-3,3-dimethyl-2,3-dihydro-benzofuran5-yl)-ethanone (925 mg, 3.44 
mmol) and 3-formyl-6-trifluoromethoxy-l -phenyl boronic acid (example 2b) (1207 mg, 
5.16 mmol) were mixed with toluene (30 mL), EtOH (6 mL) and water (4 mL). Argon 
was bubbled through the mixture for 20 minutes before adding 
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tetrakis(triphenylphosphine)palladium(0) (398 mg, 0.34 mmol) and potassium 
carbonate (951 mg, 6.88 mmol). The mixture was heated to reflux under argon for 15 
hours then cooled to room temperature and water (20 mL) was added. The mixture was 
extracted with EtOAc, washed with brine, dried over MgS04, filtered and evaporated 
5 imder reduced pressure. The residue was purified by colimin chromatography on silica 
gel (hexane: EtOAc / 6:1) to give 1.08 g of 3-(5-acetyl-3,3-dimethyl-2,3-dihydro- 
ben2ofurati-7-yl)-4-trifluoromethoxy.benzaldehyde (83 %). NMR (300 MHz, 
CDCI3, ppm): 5: 1,42 (s, 6 H), 2.59 (s, 3 H), 4.35 (s, 2 H), 7.50-7.54 (m, 1 H), 7.82 (d, J 
= 1.76 Hz, 1 H), 7.84 (d, J= 1.76 Hz, 1 H), 7.95 (dd, Ji = 2.05 Hz, ^2= 5.57 Hz, 1 H), 
10 8.03 (d, 7= 2,05 Hz), 10.05 (s, IH). 

b. l-(7-Bromo-3,3-dimethyl-2,3-dihydro-benzofuran5-yl)-ethanone, 

To a solution of l-(3,3-dimethyl-2,3-dihydro-benzofuran5-yl)-ethanone (1.69 g, 
8.88 mmol) in dichloromethane (25 mL) was slowly added a suspension of AICI3 (2.96 
g, 22.2 mmol) in dichloromethane (30 mL). Bromine (L61g, 10.7 mmol) was added 

1 5 dropwise and the mixture was stirred at room temperature for 6 hours then cooled to 0 
°C and aqueous HCl (IN) was added and the mixture extracted with dichloromethane, 
washed with brine, dried over MgS04, filtered and evaporated under reduced pressure. 
The residue was purified by colimm chromatography on silica gel (hexane: EtOAc / 
10:1 to 2:1) to give 1.94 g l-(7-Bromo-3,3-dimethyl-2,3-dihydro-benzofuran5-yl)- 

20 ethanone (81%). *H NMR (300 MHz, CDCI3, ppm): 6: 1.39 (s, 6 H), 2.56 (s, 3 H), 4.37 
(s, 2 H), 7.69 (d, J= 1.76 Hz, 1 H), 7.95 (d, •/= 1.76 Hz, 1 H). 

c. l-(3,3-dimethyl-2,3-dihydro-benzofiiran5-yl)-ethanone. 

To a solution of I-(3,3-dimethyl-2,3-dihydro-benzofuran5-yl)-ethanol (3.39 g, 
15.4 romol) in dichloromethane (100 mL), was added at 0 pyridinium 

25 chlorochromate (4.32 g, 20 mmol) and the mixture was stirred at room temperature for 
4 hours then filtered through Celite. The filtrate was washed with brine, dried over 
MgS04, filtered and evaporated under reduced pressure. The residue was purified by 
column chromatography on silica gel (hexane: EtOAc / 5:1 to 3:1) to give 1.69 g of 1- 
(3,3-dimethyl-2,3-dihydro-benzofiiran5.yl)-ethanone (58 %). ^H NMR (300 MHz, 

30 CDCI3, ppm): 5: 1.37 (s, 6 H), 2.56 (s, 3 H), 4.32 (s, 2 H), 6.80 (m, IH), 7.78-7.82 (m, 
2H). 

d. 1 -(3,3-dimethyl-2,3-dihydro-benzofiaran5-yl)-ethanol. 
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To a solution of 5-bromo-3,3-dimethyl-2,3-dihydro-beiizofuran (example If) 
(3.50 g, 15.4 mmol) in dry THF (20 mL) at -78''C, under argon, was added dropwise n- 
BuLi (L6 M in hexane, 23.1 mmol, 14.4 mL). The mixture was stirred for 2 hours then 
acetaldehyde (0.95 mL) was added and the mixture was slowly warmed up to room 
5 temperature and stirred overnight at room temperature. IN HCl was added and the 
solution extracted with ethyl acetate and the organic extract was dried (MgS04), 
filtered and evaporated to give 3.3 g of l-(3,3-dimethyl-2,3-dihydro-ben2ofuran5-yl)- 
ethanol. NMR (300 MHz; CDCI3): 5 L35 (s, 6 H), 1.49 (d, J= 6.5 Hz, 3 H), 4.24 
(s, 2 H), 4.86 (q, / = 6.5 Hz , 1 H), 6.75 (d, /= 8.2 Hz, 3 H), 7.10-7.15 (m, 2 H). 

10 

Example 17: 5-[3-(5-Isoxazol-5-yl-3,3-dimethyl-2,3-ciihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 17." 




15 Prepared in a similar manner to example 1 using 3-(5-Isoxazol-5-yl-3,3- 

dimethyl-2,3-dihydro-ben2ofuran-7-yl)-4-trifluoromethoxy-benzaldehyde. (yield: 
51%). ^H NMR(DMSO-d6, ppm) 1.37 (s, 6 H), 4.23 (s, 2 H), 6.92 (s, 1 H), 7.61-7.70 
(m, 3 H), 7.84 (m, 3 H), 8.59 (s, IH), 12.69 (bs, IH). 

The intermediate 3-(5-Isoxazol-5-yl-3,3-dimethyl-2,3-dihydro-benzofuran-7- 

20 yl)-4-trifluoromethoxy-benzaldehyde was prepared as follows: 

a. 3-(5-Isoxa2ol-5-yl-3,3-dimethyl-2,3-dihydro.benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde. 

3-(5-acetyl-3 ,3 -dimethyl-2,3 -dihydro-benzofuran-7-yl)-4-trifluoromethoxy- 
benzaldehyde(example 16a) (780 mg, 2.06 mmol), ethylene glycol (2.56 g, 4L2 mmol) 

25 and p-toluenesulfonic acid monohydrate (24 mg, 0.12 mmol) were mixed with toluene 
(10 mL) in a flask equipped with a Dean-Stark trap. The mixture was heated to reflvix 
for 3 hours then cooled to room temperature and water was added. The solution was 
extracted with EtOAc, washed with IN HCl, brine, dried over MgS04, filtered and 
evaporated under reduced pressure to give 850 mg of l-[7-(5-[l,3]dioxolan-2-yl-2- 
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trifluoromethoxy-phenyl)-3,3-dimethyl-2,3-dihydro-benzofuran^ used as 

this in the next step. 

l-[7-(5-[1^3]dioxolan-2-yl-2-trifluoromethoxy-phenyl)"3,3-diniethyl-2,3-. 

dihydro-benzofuran-5-yl]-ethanone (850 mg) was mixed with N,N-dimethylformamide 
5 diethyl acetal (5 mL) in a dry flask under argon and heated to reflux for 24 hours. The 
solution was cooled to room temperature and excess of N,N-dimethylformamide 
diethyl acetal was removed under reduced pressure to afford 3-Dimethylamino-l-[7-(5- 
[l,3]dioxolan-2-yl-2-trifluoromethoxy-phenyl)-3,3-dimethyl-2,3-dihydro-ben2ofi^ 
5-yl]-propenone as a brown oil (1.1 g) use as this in the next step. 

10 To a solution of 3-Dimethylamino-l -[7-(5-[l ,3]dioxolan-2-yl-2- 

trifluoromethoxy-phenyl)-3,3-dimethyl-2,3-dihydro-benzofuran-5-yl]-propenone (1 . 1 
g) in EtOH (10 mL) was added hydroxylamine hydrochloride (147 mg, 2.1 1 mmol). 
The mixture was heated to reflux for 14 hours then cooled to room temperature and the 
solvent removed imder reduced pressure. 1 5 mL of THF and 1 5 mL of IN aqueous 

15 HCl were added and the solution was heated to reflux for 4 hours. The solution was 

then cooled to room temperature, extracted with EtOAc, washed with brine, dried over 
MgS04, filtered and evaporated under reduced pressure. The residue was purified by 
column chromatography on silica gel (hexane: EtOAc / 10:1 to 5:1) to give 220 mg of 
3-(5-Isoxazol-5-yl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy- 

20 benzaldehyde (27% for the three steps). NMR (300 MHz, CDCI3, ppm): 5: 1 .44 (s, 
6 H), 4.33(s, 2 H), 6.42 (d, 7= 2.05 Hz, 1 H), 7.49-7.54 (m, 1 H), 7.60-7.62 (m, 2 H), 
7.96 (dd, Jx = 2.05 Hz, ^2= 8.50 Hz, IH), 8.04 (d, J= 2.05 Hz, 1 H), 8.27 (d, •/= 2.05 
Hz, 1 H), 10.05 (s, IH). 

25 Example 18: 5-[3-(6-isobutyl-benzo[l,3]dioxol-4-yl)-4-trifluoromethoxy- 

benzyUdene]-thiazolidine-2,4-dione, which can be referred to as "Compound 18." 
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Prepared in a similar manner to example 1 using 3-(6-isobutyl- 
benzo[l,3]dioxol-4-yl).4-trifluoromethoxy-benzaldehyde. ^H-NMR(300 MHz, 
CDCI3): 0.94 (d, J= 6.7 Hz, 6 H), 1.86 (m, 1 H), 2.46 (d, J= 7.0 Hz, 2 H), 5.99 (s, 2 
H), 6.68 (s, 1 H), 7.72 (s, 1 H), 7.46 (d, J= 8.8 Hz, 1 H), 7,53 (dd, Jl = 8.8 Hz, ^2= 2.3 
5 Hz, 1 H), 7.67 (d, 2.1 Hz, 1 H), 7.87 (s, 1 H), 8.61 (s, 1 H). 

The intermediate 3-(6-isobutyl-benzo[l,3]dioxol-4-yl)-4-trifluoromethoxy- 
benzaldehyde was prepared as follows: 

a. 3-(6-isobutyl-benzo[l,3]dioxol-4-yl)-4-trifluoromethoxy-benzaldehyde. 
A mixture of 6-isobutyl-benzo[l,3]dioxole-4-boronic acid (110 mg, 0.50 

10 mmol), 3-bromo-4-trifluoromethoxy benzaldehyde (example Ih) (133 mg, 0.50 mmol), 
and potassium carbonate (137 mg, 0.99 mmol) in toluene (1.5 mL), ethanol (0.4mL) 
and water (0.2 mL) was degassed with argon for 15 minutes. 

Tetrakis(triphenylphosphine)palladium(0) (29 mg, 0.02 mmol) was added and 
the mixture heated at reflux under argon for 18 hrs. The solution was cooled to room 

1 5 temperature, diluted with ethyl acetate and washed successively with water and brine, 
dried over anhydrous magnesium sulfate, filtered and evaporated. The residue was 
purified on silica gel (5% ethyl acetate in hexane) to give 69 mg of 3-(6-isobutyl- 
benzo[l,3]dioxol-4-yl)-4-trifluoromethoxy-benzaldehyde . ^H NMR (300 MHz; 
CDCI3): 0.92 (d, J= 6.9 Hz, 6 H), 1.84 (m, 1 H), 2.45 (d, J= 7.2 Hz, 2 H), 5.96 (s, 2 

20 H), 6.65 (s, 1 H), 6.70 (s, 1 H), 7.50 (d, 7= 6.9 Hz, 1 H), 7.92 (dd, J = 2.1 Hz and 8.4 
Hz, 1 H), 8.18 (d, J- 2.1 Hz, 1 H), 10.04 (s, 1 H). 

b. 6-isobutyl-benzo[l ,3]dioxole-4-boronic acid. 

To a mixture of 4-bromo-6-isobutyl-benzo[l,3]dioxole (232 mg, 0.90 mmol) 
in THF (3 mL) cooled to -78°C under an atmosphere of argon was added «-BuLi (0.72 

25 mL, 2.5 M, 1.80 mmol) dropwise. The reaction mixture was stirred for 5 minutes and 
triisopropylborate (0.62 mL, 2.71 mmol) was added dropwise. The mixture was stirred 
at -50°C for 2 hours then warmed up to room temperature and stirred ovemight at room 
temperature. 2.0 N HCl was slowly added to the reaction mixture. After 30 minutes the 
mixture was diluted with ethyl acetate and the layers separated. The organic layer was 

30 fiirther washed with water, brine, dried (MgS04), filtered and evaporated. The residue 
was chromatographed on silica gel (30% ethyl acetate in hexane) to give 1 10 mg of 6- 
isobutyl-benzo[l,3]dioxole-4-boronic acid (55 %). 

c. 4-bromo-6-isobutyl-benzo[l ,3]dioxole. 
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To a solution of 7-bromo-benzo[l,3]dioxole-5-carbaldehyde (437 mg, 1.91 
mmol) in dry ether (6 mL) was added slowly under argon at -30°C 
isopropylmagnesium chloride (1.15 mL, 2.0 M in ether, 2.29 mmol) and the solution 
stirred for 30 minute. A solution of aqueous ammonium chloride was added and the 
5 layers separated. The aqueous layer was extrated with ethyl acetate and tiie organic 

combined and washed with water, brine, dried (MgS04), filtered and evaporated to give 
503 mg of l-(7-bromo-benzo[l,3]dioxol-5-yl)-2-methyl-propan-l-ol. 

To a cold solution (O'^C) of l-(7-bromo-benzo[l,3]dioxol-5-yl)-2-methyl- 
propan-l-ol (498 mg, 1.82 mmol) in dry dichloromethane (10 mL) was added 
10 triethylsilane (0.6 mL, 3.65 mmol). After 15 minutes, trifluoroacetic acid was added to 
the reaction and the mixture stirred at 0°C for 45 minutes. Water was poured into the 
reaction mixture and the layers separated. The organic layer was further washed with 
water, aqueous NaHCOs and brine, dried (MgS04), filtered and evaporated. The 
residue was purified on silica gel (5 % ethyl acetate in hexane) to give 242 mg of 4- 
15 bromo-6-isobutyl-benzo[l,3]dioxole (52 %). NMR (300 MHz; CDCI3): 5 0.90 (d, J 
= 6.3 Hz, 6 H), 1.81 (m, 1 H), 2.39 (d, J- 7.5 Hz, 2 H), 6.01 (s, 2 H), 6.58 (s, 1 H), 
6.76 (s, 1 H). 

d. 7-bromo-benzo[ 1 ,3]dioxole-5-carbaldehyde. 

To a solution of 3-bromo-5-hydroxy-4-methoxy-benzaldehyde (5.98 g, 25.89 
20 nrniol) in dichloromethane (200 mL) at -78''C, under argon, was added dropwise boron 
tribromide (4.9 mL, 51.79 mmol). The mixture was slowly warmed up to room 
temperature over 2 hours then poured into ice-water and extracted with ethyl acetate. 
The organic layer was further washed with water, dried (MgS04), filtered and 
evaporated. Crystallisation from ethyl acetate and hexane affored 4.4 g of 3- bromo- 
25 4,5-dihydroxy«benzaldehyde (78%). 

To a solution of 3- bromo-4,5-dihydroxy-benzaldehyde (1.52 g, 7.02 mmol) in 
DMF (20 mL), were added JCF (4.077 g, 70.18 mmol) followed by dibromomethane (1 
mL, 14.04 mmol) and the mixture heated at MO^'C for 4 hours. The solution was cooled 
to room temperature, water was added and the mixture extracted with ether. The 
30 organic layer was further washed with saturated aqueous NaHCOa, dried (MgS04), 

filtered and evaporated to give 973 mg of 7-bromo-benzo[l,3]dioxole-5-carbaldehyde. 
^H NMR (300 MHz; CDCI3): 5 6.16 (s, 2 H), 7.26 (s, 1 H), 7.54 (s, 1 H), 9.76 (s, 1 H), 
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Example 19: 5-[3-(3,3-Dimethyl-5-oxazol-2-yl-2,3-dihy(iro-benizofuran-7-yl)-^ 
tTifluoromethoxy-ben2ylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 19." 



5 




Prepared in a similar manner to example 1 using 3-(3,3-Dimethyl-5-oxazol-2- 
yl-2,3-dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde. ^H-NMR (300 
MHz, CDCI3): 1.39 (s, 6 H), 4.33 (s, 2 H), 7.34 (m, 1 H), 7.63-7.66 (m, 1 H), 7.34-7.77 
(m, 1 H), 7.79 (d, J = 1.76 Hz, 1 H), 7.85 (d, J= 2.1 Hz, 1 H), 7.87 (s, 1 H), 7.90 (d, J = 
10 1.5 Hz, 1 H), 8.17 (m, 1 H), 12.7 (bs, 1 H). 

The intermediate 3-(3,3-Dimethyl-5-oxazol-2-yl-2,3-dihydro-benzofuran-7-yl)- 
4-trifluorome1hoxy-benzaldehyde was prepared as follows: 

a. 3-(3,3-Dimethyl-5-oxazol-2-yl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzaldehyde. 
15 To a solution of 2-(7-Bromo-3 ,3-dimethyl-2,3-dihydro-benzofuran-5-yl)- 

oxazole (550 mg, 1.87 mmol) in 1,4-dioxane (10 mL) flushed with Argon was added 
triethylamine (754 mg, 1.94 ml, 7.48 mmol), 2-(dicyclohexylphosphino)biphenyl (131 
mg, 0.37 mmol), palladiimi(II) acetate(21mg, 0.09 mmol) and 4,4,5,5-tetramethyl- 
1,3,2-dioxaborolane (718 mg, 0.82 mL, 5.61 mmol). The mixture was heated to 80 °C 
20 imder argon for 2 hours and cooled to room temperature. Water (1 mL) was added 
followed by Ba(OH)2.8H20 (1.77 g, 5.05 mmoL), 3-bromo-4- 
trifluomethoxybenzaldehyde (600 mg, 2.23 mmol), palladium(II) acetate(10mg, 0.05 
mmol) and 2-(dicyclohexylphosphino)biphenyl (65 mg, 0. 18 mmol). The mixture was 
heated to reflux for 12 hours and cooled to room temperature. The solution was 
25 extracted with EtOAc, washed with brine, dried over MgS04, filtered and evaporated 
under reduced pressure. The residue was purified by column chromatography on silica 
gel (hexane: EtOAc / 10:1 to 5:1) to give 340 mg 3-(3,3-Dimethyl-5-oxazol-2-yl-2,3- 
dihydro-benzofuran-7-yl)-4-trifluoromethoxy-benzaldehyde (45%). ^H NMR (300 
MHz, CDCI3, ppm): 5: 1.44 (s, 6 H), 4.33 (s, 2 H), 7.21 (s, 1 H), 7.50-7.53 (m, 1 H), 
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7.68 (s, 1 H), 7.88 (d,y= 1.76 Hz, 1 H), 7.89 (d,J= 1.76 Hz, 1 H), 7.96 (dd, Ji = 2.05 
Hz, 72= 8.50 Hz, 1 H), 8.05 (d, J= 2.34 Hz, 1 H), 10.05 (s, IH). 

b. 2-(7-Bromo-3,3-dimethyl-2,3-dihydro-beiizofuran-5-yl)-oxazole. 
To a solution of 7-bromo-3,3-dimethyl-2,3-dihydrobenzofuran-5-carboxylic 
5 acid (example 3b) (1.8g, 6.64 mmol) in dichloromethane (40 mL) was added several 
drops of DMF followed by a solution of thionyl chloride in dichloromethane (2.0M, 
6.64 mL, 13.3 mmol) at 0 °C under argon. After the addition, the mixture was stirred at 
room temperature for 5 hours. The solvent and excess of thinoyl chloride were removed 
under reduced pressure. The residue was dissolved in tetramethylene sulfone (10 mL) 

10 and potassiimi carbonate (1.84g, 13.3 mmol) and lH-l,2,3-triazole (504 mg, 7.3 mmol) 
were added under argon and the mixture was heated to 140 ""C for 16 hours. The 
solution was cooled to room temperature, water was added and the mixture was 
extracted with EtOAc, washed with brine, dried over MgS04, filtered and evaporated 
under reduced pressxire. The residue was purified by column chromatography on silica 

15 gel (hexane: EtOAc / 5:1) to give 900 mg of 2-(7-Bromo-3,3-dimethyl-2,3-dihydro- 
benzofuran-5-yl)-oxazole (46%). ^H NMR (300 MHz, CDCI3, ppm): 8: 1.40 (s, 6 H), 
4.41 (s, 2 H), 7.19 (s, 1 H), 7.67 (s, 1 H), 7.75 (d, J= 0.88 Hz, 1 H), 8.01 (d, J= 0.88 
Hz). 

20 Example 20: 5-[3-(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, which can be referred to as 
"Compound 20." 



Compound 20 was disclosed in U.S Patent No. 6,515,003, issued February 04, 2003, 
25 which is hereby incorporated by reference in it's entirety for its disclosures of the 

synthesis and biological activity of the Compoimd 20, which is employed herein for 
comparative purposes only. 

Example 21; Differentiation of 3T3-L1 Pre-adipocytes In an In Vitro Assay. 
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Mouse pre-adipocyte 3T3-L1 cells obtained from ATCC (American Tissue Culture 
Collection, MD) were initially grown in DME Dulbecco's modified Eagle's medium 
containing 4500 mg/L glucose; 4 mM L-glutamine; 10 U/ml Pen-G; 10 mcg/ml 
Streptomycin and 10% Bovine Calf Serum (CS) at 3TC and 10% CO2. Cells were 
5 plated in 96 well plates at a density of approximately 3,000 cells/well and grown to 
confluence (when cells use 100% of the available space on the well) in the same 
medium. Differentiation experiments were conducted two days after confluence in a 
differentiation medium (DM) consisting of DME Dulbecco's modified Eagle's medium 
containing 4500 mg/L glucose; 4 mM L-glutamine; 10 U/ml Pen-G; 10 mcg/ml 

10 Streptomycin and 10% Fetal Calf Serum (FCS) and 1 \xglmL of insulin. Cells were then 
treated with the test compound at a concentration of 10"^^ to 10'^ M, or with a control 
for fully-differentiated adipocytes, such as Dexamethasone/ Insulin (2.5 \iM\ 10 jig/ml, 
respectively). Differentiation medivim containing the compounds, with no further 
addition of insulin, was replaced every 2-3 days for a total of 7 days. Compound 24 

15 was used as a standard for differention activity, and its ability to differentiate 3T3-L1 
cells at 0.1 \xM was taken as reference for 100% differentiation. Upon termination of 
the experiments the treated cells were washed once with PBS ( Phosphate Buffer 
Saline, Irvine Scientific, Irvine, CA) and lysed in situ with 50 \xL 10% Hecameg 
(Detergent, Calbiochem, San Diego). The cellular lysates were analyzed for their lipid 

20 content using the Triglyceride-GPO Trinder reagent from Sigma. 

The compounds are compared against an internal standard known as 5-[3-(3,5,5,8,8- 
Pentamethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-4-trifluoromethoxy-benzylidene]- 
thiazolidine-2,4-dione (referred to as Compoimd 20 herein). As shown in Figure 1, 
compounds of the invention induce differenciation of 3T3-L1 cells. 

25 

Example 22: Oral Administration of Compoxmd of the invention in the Treatment of 
Type 2 Diabetes in KKA^ Mice. 

Experimental Procedure: Six to eight week-old male KKA^ mice (available 
from Jackson Labs of Bar Harbour, Maine) were housed in a fixed 12-12- hr artificial 
30 light-dark cycle, and maintained on a standard rodent diet provided ad libitum. 

Animals were allowed two days to acclimate in this experimental environment prior to 
the initiation of the study. Prior to initiation of treatment, the animals were bled from 
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the tail vein (100-200|aL of whole blood) and serum levels of glucose and triglycerides 
were measured in duplicate (Trinder kits; Sigma, St.Louis, MO). Based on these initial 
measures, animals were sorted into groups with approximately the same average serum 
triglyceride levels. Once sorted, the animals were housed one per cage and provided 
5 rodent diet ad libitum. 

Treatment group A (n-6/group): 

1) KKA'' control (sesame oil) 

2) Compound 1 (15mg/kg) 
Treatment group B (n=6/group): 

10 1) KKA^ control (sesame oil) 

2) Compound 6 (15mg/kg) 
Treatment group C (n=6/group): 

1) KKA^ control (sesame oil) 

2) Compound 9 (15mg/kg) 

15 All compounds were suspended in sesame oil, and administered to animals in a 

volume of 3ml/kg/dose. All treatments were administered by oral gavage once daily. 

To monitor the effect of the tested Compounds, animals were bled at the end of 
the dark cycle on days 7 and/or 14 of the treatment period. Serum glucose and 
triglyceride levels were measured in duplicate. The blood was kept at room temperature 

20 to allow coagulation, after which the serum was separated and assayed for glucose and 
triglyceride levels. As shown in Figures 2 and 3, Compounds 1, 6 and 9 showed a 
reduction in both serum glucose and triglyceride levels when administered once a day. 

It will be apparent to those skilled in the art that various modifications and 
25 variations can be made in the present invention without departing from the scope or 
spirit of the invention. Other embodiments of the invention will be apparent to those 
skilled in the art from consideration of the specification and practice of the invention 
disclosed herein. It is intended that the specification and examples be considered as 
exemplary only, with a true scope and spirit of the invention being indicated by the 
30 following claims. 



85 



wo 03/075858 



PCT/US03/07240 



What is claimed is: 



1. 



A compound having the structure 




Ario, 



R21I 



>HAr 



R200 



wherein: 



a) 
b) 

c) 

d) 
e) 

f) 

g) 
h) 



p is 0, 1 or 2; 

L, M» N, Q and T residues are independently selected from, -0-, -S-, 
-S(0)-, -S(0)2-, -N(R203)-,-N(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, or - 
C(R209)(R2io)- radicals, with the proviso that one or two of the L, M, N, 
Q or T radicals can be absent; 

R200, R201, R202, R203, R204, R205, R206, R207, R208> R209, and R210 are 

independently selected from hydrogen, hydroxyl, a halogen, amino, or 

an organic radical comprising 1 to 12 carbon atoms; 

Ario is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 

radical comprising 2 to 18 carbon atoms; 

the radical 



comprises from 6 to 20 carbon atoms; 
R211 is hydrogen, hydroxy, or an organic residue comprising 1 to 10 
carbon atoms; 

is either present or absent; and 

HAr has the structure 





o 



H 



H 



or a pharmaceutically acceptable salt thereof. 
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2. The compound of claim 1 wherein p is 0. 

3. The compound of claim 1 wherein the radical 




has the structure 




R200 R200 
4. The compound of claim 1 wherein the radical 
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wherein R200 comprises 1 to 8 carbon atoms and is selected from the group 
consisting of an alkyl, hydroxyalkyl, alkoxyalkyl, haloalkyl, halogen, cyano, 
nitro, hydroxyl, acyloxy, amino, mono-alkyl-amino, dialkyl-amino, 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, aryl, heteroaryl, alkoxy, 
haloalkoxy, ttiioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, or dialkylcarboxamide; 
R201 and R202 are independently selected from hydrogen or a halogen; and 
R203, R207 and R208 are independently selected from hydrogen or an alkyl 
comprising 1 to 4 carbon atoms. 
5. The compound of claim 1 wherein the radical 
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wherein R200 comprises 1 to 10 carbon atoms and is selected from an alkyl, 



hydroxyalkyl, alkoxyalkyl, haloalkyl, halogen, cyano, nitro, hydroxyl, acyloxy, 
amino, mono-alkyl-amino, dialkyl-amino, alkylsulfonamide, arylsulfonamide, 
heteroarylsulfonamide, acyl, alkylcarbamate, arylcarbamate, 
alkylthiocarbamate, aryl, heteroaryl, alkoxy, haloalkoxy, thioalkyl, 
alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, carboalkoxy, 
alkylcarboxamide, or dialkylcarboxamide. 
6. The compound of claim 1 wherein the radical 



wherein R200 comprises 1 to 4 carbon atoms and is selected from the group 
consisting of an alkyl, hydroxyalkyl, alkoxyalkyl, haloalkyl, halogen, cyano, 
nitro, hydroxyl, acyloxy, amino, mono-alkyl-amino, dialkyl-amino, 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, aryl, heteroaryl, alkoxy, 
haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, or dialkylcarboxamide; and R207 and R208 are 
independently selected from hydrogen or an alkyl comprising 1 to 10 carbon 
atoms. 

7. The compound of claim 4 wherein the R207 and R208, residues are connected 
together to form an exocyclic substituent residue comprising 3 to 6 ring carbon 
atoms and from 1 to 3 optional ring heteroatoms selected from O, S, or N; 

8. The compound of claim 1 wherein the radical 




has the structure 




R200 
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wherein R200 comprises 1 to 10 carbon atoms and is selected from the group 
consisting of an alkyl, hydroxyalkyl, alkoxyalkyl, haloalkyl, halogen, cyano, 
nitro, hydroxyl, acyloxy, amino, mono-alkyl-amino, dialkyl-amino, 
aUcylsulfonamide, arylsulfonamide, heteroarylsulfonamide, acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, aryl, substituted aryl, 
heteroaryU substituted heteroaryl, alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, 
alkylsulfonyl, thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, or 
dialkylcarboxamide; and 

R201 and R202 are independently selected from hydrogen or a halogen; and 
R205, R206, R207, and R208 are independently selected from hydrogen or an alkyl 
comprising 1 to 4 carbon atoms. 
9. The compound of claim 1 wherein the radical 
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10. 



R2O6 ^R205 



or 




R2O6 ^R205 
^207 



or 




has the structure 

„ R2O6 _R205 

R2OO 5 ^^200 J ^200 5 

wherein R200 comprises 1 to 10 carbon atoms and is selected from the group 
consisting of an alkyl, hydroxyalkyl, alkoxyalkyl, haloalkyl, halogen, cyano, 
nitro, hydroxyl, acyloxy, amino, mono-alkyl-amino, dialkyl-amino, 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, heteroaryl, alkoxy, 
haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxandde, or dialkylcarboxamide; and 
R205, R206, R207, R208 R209, and R210 are independently selected from hydrogen or 
an alkyl comprising 1 to 4 carbon atoms. 
The compound of claim 1 wherein the radical 




R202 



R200 



has the structure 

^ R2O6 ^R205 
^207 V/ 

R208"^P O 



R2O6 ^R205 
K207 



R2O8 



V 



or 




R206 R205 
K207 \/ 



R208"~Y'''^^ 

or R204"^ ^T^^^^^lf^^ 

V 



or 



R2O6 ^R205 



R2OO 

R207 "k/ ^ p 



R2OO 



R2OO 



R205 



V 

R2OO 



or 




R200 
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wherein R200 comprises 1 to 10 carbon atoms and is selected from the group 
consisting of an alkyl, hydroxyalkyl, alkoxyalkyl, haloalkyl, halogen, cyano, 
nitro, hydroxyl, acyloxy, amino, mono-alkyl-amino, dialkyl-amino, 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, 
alkylsulfonyl, thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, or 
dialkylcarboxamide; and 

R203, R204, R205, R206, R207, and R208 are independently selected from hydrogen 
or an alkyl comprising 1 to 4 carbon atoms. 
1 1 . The compound of claim 1 wherein the radical 



wherein R200 comprises 1 to 10 carbon atoms and is selected from the group 
consisting of an alkyl, hydroxyalkyl, alkoxyalkyl, haloalkyl, halogen, cyano, 
nitro, hydroxyl, acyloxy, amino, mono-alkyl-amino, dialkyl-amino, 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, aryl, heteroaryl, alkoxy, 
haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, or dialkylcarboxamide; and 
R205 and R206 are independently selected from hydrogen or an alkyl comprising 
1 to 4 carbon atoms. 

12. The compound of claim 1 wherein p is 1 or 2. 

13. The compound of claim 1 wherein the radical 




has the structure 
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R200 , ^^200 ; R200 ; 

wherein R200 comprises 1 to 10 carbon atoms and is selected from the group 
consisting of an alkyl, hydroxyalkyl, alkoxyalkyl, haloalkyl, halogen, cyano, 
nitro, hydroxyl, acyloxy, amino, mono-alkyl-amino, dialkyl-amino, 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, 
alkylsulfonyl, thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, or 
dialkylcarboxamide. 
R201 is hydrogen or a halide; and 

R205, R206, R207, and R208 are independently selected from hydrogen or an alkyl 
comprising 1 to 4 carbon atoms. 

14. The compound of claim 1 wherein R200 comprises 1 to 8 carbon atoms and is 
selected from an alkyl, hydroxyalkyl, alkoxyalkyl, haloalkyl, halogen, cyano, 
nitro, hydroxyl, acyloxy, amino, mono-alkyl-amino, dialkyl-amino, 
alkylsulfonamide, arylsulfonamide, heteroarylsulfonamide, acyl, 
alkylcarbamate, arylcarbamate, alkylthiocarbamate, alkoxy, haloalkoxy, 
thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, carboalkoxy, 
alkylcarboxamide, or dialkylcarboxamide. 

15. The compound of claim 1 wherein R200 is an aryl, substituted aryl, heteroaryl, or 
substituted aryl having the structure 

93 



wo 03/075858 



PCT/US03/07240 



T I 

wherein R222, R223 and R223 are independently selected from hydrogen, an alkyl, 
substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted 
alkynyl, halogen, cyano, nitre, hydroxyl, acyloxy, amino, mono-substituted 
amino, di-substituted amino, alkylsulfonamide, substituted alkylsulfonamide, 
arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, 
substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, substituted 
alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, 
alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 
thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted 
alkylcarboxamide, dialkylcarboxamide or substituted dialkylcarboxamide; 
and r is 1, 2 or 3. 

16. The compound of claim 1 wherein R200 is a heteroaryl, or substituted aryl 
having the structure 



)=( or or ^ or 

R223 R222 R223 R222 ^223 R222 R222 

5 J » ' 

N-ISI R222 p R222 p^^^ j^^^R223 



R 




'223 --.^^s 

or 



R222 



' R222 ' R222 R222 

w ^ ^ 

^^^.R222 222-^ Jvl >'R222 \_K 

N=N ' N-N ' N-N ' ^ \„ 
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N-N 

R222 

vyo vv^ 





R223 R222 , ^223 R222 , R222 , R223 

wherein R222, R223 and R224 are independently selected from hydrogen, an alkyl, 

substituted alkyl, haloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted 

alkynyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono-substituted 

amino, di-substituted amino, alkylsulfonamide, substituted alkylsulfonamide, 

arylsulfonamide, heteroarylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, 

substituted acyl, alkylcarbamate, arylcarbamate, alkylthiocarbamate, substituted 

alkylthiocarbamate, arylthiocarbamate, heteroaryl, substituted heteroaryl, 

alkoxy, substituted alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 

thiohaloalkyl, carboxy, carboalkoxy, alkylcarboxamide, substituted 

alkylcarboxamide, dialkylcarboxamide or substituted dialkylcarboxamide. 

17. The compound of claim 1 wherein R200 is a heteroaryl, or substituted aryl 

having the structure 

VfV» wn yjyr 



^224 




^^^^y or ^ ^ or 

R^3 ' R223 R222 5 R222 

wherein R2225 R223 and R224 are independently selected from hydrogen or an 

£ilkyl comprising 1 to 4 carbon atoms. 

18. The compoimd of claim 1 wherein R200 has the structure 

\j\r 

R224*--^/^V^ R222 




R223 

19. The compound of claim 1 wherein Ario comprises from 3 to 6 ring carbon 
atoms and optionally 1 to 3 ring heteroatoms selected from O, S, or N. 
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20. The compound of claim 1 wherein Atjo comprises a benzene or pyridine ring. 

21. The compound of claim 1 wherein Axio has the structure 




R233 



wherein R2305 R23h R232 and R233 are independently selected from hydrogen, 
alkyl, haloalkyl, halogen, cyano, nitro, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, alkylsulfonamide, arylsulfonamide, 
heteroarylsulfonamide, alkylurea, alkylthiourea, arylurea, acyl, alkylcarbamate, 
arylcarbamate, alkylthiocarbamate, substituted alkylthiocarbamate, 
arylthiocarbamate, alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, 
carboxy, carboalkoxy, alkylcarboxamide, or dialkylcarboxamide. 

22. The compound of claim 21 wherein R230 is not hydrogen. 

23. The compound of claim 1 wherein Axio has the structure 




R233 ' 1^233 



wherein R231, R232 and R233 are independently selected from hydrogen or a 
halogen. 

24, The compound of claim 1 wherein R2n is hydrogen or an alkyl having from 1 to 
4 carbon atoms. 

25, The compound of claim 1 wherein R2U is hydrogen. 

96 



wo 03/075858 



PCT/US03/07240 



26. 
27. 



28. 
29. 
30. 



31. 



32. 



33. 



The compound of claim 1 wherein is present. 

The compound of claim 1 wherein HAr has the structure 




or 



O 




O , . ^ " S 

The compound of claim 27 wherein is present. 

The compound of claim 27 wherein is absent. 

The compound of claim 1 wherein HAr has the stmcture 

The compound of claim 4 wherein HAr has the structure 

Q o 




1-= 




O . ^ " S . 

The compound of claim 3 1 wherein Axio has the structure 



R231 

R230 V^.'^^^s^ ^^232 
R233 J 



R23O '^^N^ ^^232 



or 




or 




or 



232 



R233 



wherein R230, R231, R232 and R233 are independently selected from hydrogen, 
halogen, hydroxyl, amino, or a radical comprising 1 to 4 carbon atoms selected 
from alkyl, haloalkyl, acyloxy, mono-substituted amino, di-substituted amino, 
acyl, alkoxy, haloalkoxy, thioalkyl, alkylsulfoxide, alkylsulfonyl, carboxy, 
carboalkoxy, alkylcarboxamide, or dialkylcarboxamide; with the proviso that 
R230 is not hydrogen. 

The compound of claim 32 wherein R211 is hydrogen and wherein is 

present. 
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34. A compound of claim 1 that is effective, when appUed at a concentration of 
about 1 X 10"^ M for a period of about 7 days, to induce sufficient differentiation 
of the mouse preadipocyte 3T3-L1 cells so as to increase the lipid content of the 
culture by at least about 20% of the lipid accumulation induced by 5-[3- 
(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-4-trifluoromethoxy- 
benzylidene]-thiazolidine-2,4-dione when it is applied to control cultvires of 
mouse preadipocyte 3T3-L1 cells at a concentration of about IxlO'^M. 

35. A compound of claim 1 that is effective, when orally administered to KKA^ 
mice at a concentration of about 15mg/kg for a period of about 7 days to 
decrease the serum glucose levels of the KKA^ mice by at least about 10 %. 

36. A compound of claim 1 that is effective, when orally administered to KKA^ 
mice at a concentration of about 15mg/kg for a period of about 7 days to 
decrease the serum triglyceride levels of the KKA^ mice by at least about 10 %. 

37. A pharmaceutical composition comprising one or more pharmaceutically 
acceptable carriers, and one or more compounds of claim 1 in an amoimt 
effective for treating diabetes or obesity, or modulating lipid metabolism, 
carbohydrate metabolism, lipid and carbohydrate metabolism in a mammal. 

38. A method of modulating lipid metabolism, carbohydrate metabolism, or lipid 
and carbohydrate metabolism comprising administering to a mammal diagnosed 
as needing such modulation one or more of the compounds of claim 1 . 

39. A method of treating hypercholesterimia comprising administering to a 
mammal diagnosed as needing such treatment one or more compounds of claim 
1 in an amount effective to treat the hypercholesterimia. 

40. The method of claim 39, wherein the one or more compounds is applied in an 
amount effective to decrease serum cholesterol levels by at least about 5%. 

41. A method of treating dyslipidemia comprising administering to a mammal 
diagnosed as needing such treatment one or more compovmds of claim 1 in an 
amount effective to decrease serum triglyceride levels. 

42. The method of claim 41, wherein the one or more compoimds are applied in an 
amount effective to decrease serum triglyeride levels by at least about 5%. 
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43. A method of treating Type 2 Diabetes comprising administering to a mammal 
diagnosed as needing such treatment one or more compounds of claim 1 in an 
amount effective to treat the Type 2 Diabetes 

44. The mefliod of claim 43, wherein the compound is applied in an amoimt 
effective to to decrease the serum glucose levels in the mammal by at least 
about 5%. 

45. The method of claim 44 wherein the administration is also effective to decrease 
serum triglyeride levels in the mammal by at least about 5%. 

46. The method of claim 43 wherein the mammal is a human. 

47. A method of making the compound of claim 1 comprising 
a) coupling 

i) a bicyclic heterocycle precursor compound having the stmcture 




^200 

ii) with an Ario precursor compound having the structure 

R211 

iii) to form a carbonyl containing precursor compound having the 
formula 




Ario 



R211 



b) further reacting the carbonyl containing precursor compound so as to 
connect to the carbonyl of the carbonyl containing precursor the HAr 
heterocycle. 

48. The method of claim 47 wherein the further reacting comprises condensing the 
carbonyl containing precursor compound with a compound having the formula 
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O 



O . 



o 



H 

S . 



N 



H 



H 



49. A compound having the structure 




w 



Ario, 




R2 



11 



200 



wherein: 

a) the bicyclic radical 




wherein R200 comprises 1 to 8 carbon atoms and is selected from the 
group consisting of an alkyl, haloalkyl, halogen, cyano, nitro, hydroxyl, 
acyloxy, amino, mono-alkyl-amino, dialkyl-amino, alkylsulfonamide, 
arylsulfonamide, heteroarylsulfonamide, acyl, alkylcarbamate, 
arylcarbamate, alkylthiocarbamate, aryl, heteroaryl, alkoxy, haloalkoxy, 
thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, or dialkylcarboxamide; 

R201 and R202 are independently selected from hydrogen or a 

halogen; and 

R203, R207 and R208 are independently selected from hydrogen or 
an alkyl comprising 1 to 4 carbon atoms. 
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b) 



W, X, Y and Z form a heterocycle having the structure 




c) 
d) 



is either present or absent; 

Ario has the structure 
R231 

^230 v^.-'^'^is^ ^232 




or 




R233 
R231 



R233 
R231 



wherein R230, R23h R232 and R233 are independently selected from 
hydrogen, alkyl, haloalkyl, halogen, hydroxyl, acyloxy, amino, mono- 
substituted amino, di-substituted amino, acyl, alkoxy, haloalkoxy, 
thioalkyl, alkylsulfoxide, alkylsulfonyl, carboxy, carboalkoxy, 
alkylcarboxamide, or dialkylcarboxamide, with the proviso that R230 is 
not hydrogen; and 

e) R211 is hydrogen or an alkyl having from 1 to 4 carbon atoms; 

or a pharmaceutically acceptable salt thereof. 
50. A compound having the structure 




R200 



wherein: 



a) 



R200 comprises 1 to 4 carbon atoms and is selected from the group 
consisting of an alkyl, haloalkyl, halogen, cyano, nitro, hydroxyl, 
acyloxy, amino, mono-alkyl-amino, dialkyl-amino, alkylsulfonamide, 
arylsulfonamide, heteroarylsulfonamide, acyl, alkylcarbamate, 
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51. 



arylcarbamate, alkylthiocarbamate, aryl, heteroaryl, alkoxy, haloalkoxy, 
thioalkyl, alkylsulfoxide, alkylsulfonyl, thiohaloalkyl, carboxy, 
carboalkoxy, alkylcarboxamide, or dialkylcarboxamide; 
b) W, X, Y and Z form a heterocycle having the structure 

o 



A. 



s ; 



c) Ario has the structure 
^231 



R233 



R233 



I R231 

T ^ 



R231 

R233 ' ^^233 

wherein R231, R232 and R233 are independently selected from hydrogen or 
a halogen. 
A compound of Formula (300): 



R201 




wherein: 

a) R200, R201 and R202 are independently selected from hydrogen, hydroxyl, 
a halogen, amino, or an organic residue comprising 1 to 12 carbon 
atoms; 

b) Np are the number of heteroaryl ring nitrogens selected from 0, 1 or 2; 

c) L, M, N, Q and T residues are independently selected from -C(0)-, - 
C(S)-, -0-, -S-, -N(R203)-,-N(R204)-, -C(R205)(R206)-, -C(R207)(R208)-, or - 
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C(R209)(R2io)- residues, and from zero to two of the L, M, N, Q or T 
residues can be absent; 
wherein 

i) R203, R204, R205, R206, R207, R208, R209, and R210 are independently 
selected from hydrogen, hydroxyl, a halogen, amino, or an 
organic residue comprising 1 to 12 carbon atoms; or two of the 
R203, R204, R205, R206, R207, R208, R209 and R210 residues can be 
connected together to form an exocyclic substituent residue 
comprising 1 to 6 ring carbon atoms and from 0 to 3 optional 
ring heteroatoms selected from O, S, orN; and 

ii) L, M, N, Q and T do not form an amide residue; 

d) Ario is an aryl, substituted aryl, heteroaryl, or substituted heteroaryl 
residue comprising from 3 to 6 ring carbon atoms and from 0 to 3 
optional ring heteroatoms selected from O, S, or N; 

e) R211 is hydrogen, hydroxy, or an organic residue comprising 1 to 10 
carbon atoms; 

f) is either present or absent; 

g) W, X, Y and Z are independently or together -C(0)-, -C(S)-, -S-, -O- or 
-NH-, to form a 2,4-thiazolidinedione, 2-thioxo-thiazoUdine-4-one, 2,4- 
imidazolidinedione or 2-thioxo-imidazolidine-4-one residue.; 




2,4-thiazolidinedione 2-thioxo-thiazolidine-4-one 




2,4-imidazolidinedione 2-thioxo-imida2olidine-4-one 
or a pharmaceutically acceptable salt thereof 
52. A compound having the formula: 
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5-[3-(5-Isobutyl-3,3-dimethyl-2,3-dihydro-beiizofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione; 

5-[2,5-Difluoro-3-(5-isobutyl-3,3-dimethyl-2,3-dihydro-benzofuran-^ 
yl)-4-inethoxy-benzylidene]-thia2olidine-254-dione; or 

5-[3-(5-FiJran-3-yl-3,3-dimethyl-2,3-dihydro-ben2ofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, 
or a pharmaceutically acceptable salt thereof. 
53. A compoimd having the formula: 

5-[3-(54sobutyryl-33-dimethyl-2,3-dihydro-ben2ofuran-7-yl)-4- 

trifluoroinethoxy-benzylidene]-thiazolidine-2,4-dioiie, 

7-[5-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoroniethoxy- 
phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid methylamide, 

7.[5_(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoromethoxy- 
phenyl]-3,3-dimethyl-2,3 -dihydro-benzofuraii-5-carboxylic acid dimethylamide, 

5-[3-(3,3-Dimethyl-5-propionyl-2,3-dihydro-ben2ofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, 

5-[4-Dimethylamino-3-(5-isobutyl-3,3-dimeaiyl-2,3-dihydro- 
ben2ofuran-7-yl)-benzylidene]-thiazolidine-2,4-dione, 

7-[5-(2,4-Dioxo-thiazolidin-5-ylidenemethyl)-2-trifluoromethoxy- 
phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylic acid methyl ester, 

2-[3,3-Dimethyl-7-(2-trifluoromethoxy-5-vinyl-phenyl)-2,3-dihydro- 

benzofiiran-5-ylmethoxy]-ethanol, 

5-[3-(5-Methoxymethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 

trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, 

7.[5-(2,4-Dioxo-thiaz:olidin-5-ylidenemethyl)-2-trifIuoromethoxy- 
phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-carboxylicacid, 

5-[3-(5-Dimethylaminomethyl-3,3-dimethyl-2,3-dihydro-benzofuran-7- 
yl)-4-trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, 

7-[5-(2,4-Dioxo-thiazolidin-5-yHdenemethyl)-2-trifluoromethoxy- 
phenyl]-3,3-dimethyl-2,3-dihydro-benzofuran-5-sulfonic acid methylamide, 

5-[3-(5-Methanesulfonyl-3,3-dimethyl-2,3-dihydro-ben2;ofuran-7-yl)-4- 

trifluoromethoxy-benzylidene]-thiazolidine-2,4-dione, 
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5-[3-(5-Acetyl-3,3-dimethyl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazolidme-2,4-dione, 

5-[3-(5-Isoxa2ol-5-yl-3,3-dimethyl-2,3-dihydro-benzofuraii-7-yl)-4- 
trifIuoromethoxy-benzylidene]-thiazolidine-2,4-dione, 

5-[3-(6-isobutyl-benzo[ 1 ,3]dioxol-4-yl)-4-trifluoromethoxy- 
benzylidene]-thia2olidine-2,4-dione, or 

5-[3-(3,3-Dimethyl-5-oxa2ol-2-yl-2,3-dihydro-benzofuran-7-yl)-4- 
trifluoromethoxy-benzylidene]-thiazoIidine-254-dione; 
or a pharmaceutically acceptable salt thereof. 
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Differentiation of 3T3-L1 Preadipocytes 
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Serum Trygliceride Levels in KKA^' Mice 
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